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EXECUTIVE SUMMARY

BACKGROUND

The Washington State Department of Ecology (Ecology), the U.S. Environmental Protection
Agency (EPA), and the U.S. Department of Energy (DOE), signatories to the Hanford Federal
Facility Agreement and Consent Order (Tri-Party Agreement, Ecology et al. 1992), have developed
the Hanford Site Past-Practice Strategy (HSPPS, DOE-RL 1992a) to emphasize initiating and
completing waste site cleanups with a bias for action. This strategy relies, in part, upon the use of a
qualitative risk assessment (QRA) to assist in decision-making. The QRA is performed using the
Hanford Site Baseline Risk Assessment Methodology (HSBRAM) as guidance (DOE-RL 1993a). The
results will be used, along with other considerations, to make a recommendation for or against an
interim remedial measure (IRM) at each high-priority waste site. The objective of conducting IRMs
at Hanford is to achieve cleanup and reduce risk in the shortest time possible and in a cost effective
manner.

The QRA is an evaluation of risk for a predefined set of human and environmental exposure
scenarios and is not intended to replace or be a substitute for a baseline risk assessment. It is
streamlined to consider only two human health exposure scenarios (frequent-use and occasional-use)
with four exposure pathways (soil ingestion, fugitive dust inhalation, inhalation of volatile organics
from soil; and external radiation exposure) aqd a limited ecological evaluation. Evaluation of
potential risk to groundwater associated with each high-priority waste site is addressed in the LFI.
The exposure parameters used in the frequent-use and occasional-use exposure scenarios are identical
to those presented in Appendix A of the HSBRAM (DOE-RL 1993) for residential and recreational
exposure scenarios, respectively. However, the terms "occasional-use" and "frequent-use" are used to
describe the exposure scenarios in the QRA because the QRA scenarios represent a general bounding
of conditions for potential frequency of human site-use.This is based on agreements by the 100 Area
Tri-Party Unit managers. For humans, risks that might occur under frequent- and occasional-use
scenarios were included to provide a range of risk estimates using reasonable maximum exposure
(RME) parameters as provided in HSBRAM. The ecological evaluation concentrates on the potential
effects of contaminants on the Great Basin pocket mouse. The pocket mouse is used because its home
range approximates the size of many waste sites, and these mice are a key part of the terrestrial food
chain at the Hanford Site.

Data for the 100-HR-1 QRA were available from historical information and recent Limited
Field Investigation (LFI) sampling data. The maximum concentration of each analyte detected above
15 ft at a waste site was selected from tabulated historical and LFI data for evaluation in the QRA.
Constituents present below 15 ft will be evaluated in the LFI for potential impact to groundwater.
Inorganic analytes were screened to determine contaminants by comparison with the 95 percent upper
tolerance limit of the mean (UTL) for background soil data provided by Hanford Site Background:
Part 1, Soil Background for Nonradioactive Analytes (DOE-RL 1993b). No organic and radionuclide
analytes were screened by comparison to background, as there are no background values that have-
been agreed to by the Tri-Party signatories. Where contaminant levels were available from waste site
sampling, risk calculations were performed.

RESULTS

This QRA evaluates a total of 13 high-priority waste sites as specified in the Remedial
Investigation/Feasibility Study Work Plan for the 100-HR-1 Operable Unit (DOE-RL 1992b).
Historical and recent LFI sampling data were available for evaluation of five waste sites. Historical
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data only were used to evaluate another two of the 13 sites. The remaining six waste sites were
evaluated using historical process information. Of these six sites, one has an analogous site in the
100-DR-1 operable unit which is referenced in the discussion of risk. Qualitative human health risks
were categorized as high [Lifetime Incremental Cancer Risk (ICR)] > lE-02, medium (ICR IE-04 to
1E-02), low (ICR 1E-06 to 1E-04) and very low (ICR < lE-06). Four of the seven sites with
sampling data were rated as having a high human health risk potential under the frequent-use scenario
in 1992. Two of the seven sites were rated as having a high human health risk potential under the
occasional-use scenario in 1992. After decay of radionuclides was calculated to the year 2018, three
of the four sites with high human health risk potential for frequent use still rated high. These sites
are the 116-H-1 trench, 116-H-7 retention basin, and process effluent pipelines (sludge).

In general, the risk-driving pathway is external exposure to radionuclides. Specific
radionuclides identified as key contributors to these overall risk estimates were cesium-137, cobalt-60,
europium-152, and europium-154. Under current conditions, human intrusion into contaminated soils
can be prevented such that the soil provides complete radiation shielding against gamma-emitting
radionuclides more than 6 ft below ground surface. Even when accounting for this shielding effect,
one of the seven sites was still rated as having a high human health risk (under the occasional-use
scenario) because the maximum detected concentrations exist in the top 6 ft.

The ecological evaluation estimates the likelihood of an adverse effect occurring to wildlife.
In the case of 100-HR-1 terrestrial wildlife, the risk assessment assumed that the key receptor
organism, the Great Basin pocket mouse, was a frequent site user and was exposed to the maximum
concentration of soil contaminant to a depth of 15 ft in an individual waste site.Two exposure
scenarios were analyzed. The first uses the maximum soil contaminant concentrations from the upper
15 ft, which is an unlikely exposure scenario resulting in a conservative risk assessment. A second
exposure scenario considers maximum soil contaminant concentrations from the upper 6 ft,
representing a more likely exposure scenario. The results of the qualitative ecological evaluation are
compared to established benchmarks to identify whether a waste site is a candidate for an interim
remedial measure.

The ecological benchmark for radionuclides is a total internal dose of I rad/day. An
ecological benchmark is a concentration/dose that is used as a threshold above which a receptor
response is expected. Exceeding this value would indicate risk. The organism dose that exceeded
this benchmark was classified as high risk. Four sites, the process effluent pipelines (sludge) at the 0-
6 ft depth, the 116-H-1 trench, the 116-H-2 trench and the 116-H-7 retention basin (the latter three at
both the 0-6 ft and 0-15 ft depths), indicate potential ecological risks from strontium-90. For the non-
radiological benchmark, the wildlife NOEL were exceeded by arsenic, lead, and zinc in the 116-H-7
Retention Basin for both the 0-6 ft depths and the 0-15 ft depths. The NOEL was exceeded by
arsenic in the 116-H-1 Trench (0-15 ft) and by barium, manganese, and vanadium in the 116-H-9 crib
(both the 0-6 ft and 0-15 ft depths).

UNCERTAINTIES

Uncertainty exists in the results of the human health and environmental evaluations for the
100-HR-1 source operable unit because of uncertainties in the contaminant concentration data, in the
assumptions of the exposure scenarios analyzed, and in the toxicity values for both human and
ecological receptors. Where uncertainties exist, parameter estimates are generally biased in a
conservative manner. Consequently, this QRA provides risk estimates which are biased toward the
protection of human health and ecological integrity, considering the qualitative nature of the available
data.
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Identification of contaminants and concentrations are based on a limited sampling program and
historical data of unvalidated quality. ' It is unlikely that the available data fully characterize -many of
the waste sites. Maximum representative (rather than average) concentrations are used in the risk
evaluation due to the limited number and quality of waste site sample data. Additional uncertainty is
introduced by assuming that contaminants are uniformly distributed across the waste sites when it is
known that the LFI and historical sampling programs were intended to take " snapshots" of likely "hot
spots" suspected of being contaminated based upon process knowledge.

The assumptions of the exposure scgnarios and the risk evaluation itself lead to uncertainty in
the application of the results, although the evaluation is meant to be an upper bound of potential risk.
The two human health scenarios (frequent- and occasional-use) evaluated to provide estimates of
hazard or risk do not currently occur in the 100-H Area. In the ecological risk evaluation no
allowance is made for radioactive decay, bioavailability, or dilution effects.

There are uncertainties associated with the toxicity values used in both the human health and
"Ry ecological risk assessments. These values are often based on limited acute animal studies with the

effects extrapolated to the lower chronic dose levels associated with environmental contamination.
Additional uncertainty is introduced by applying these values to hutnans or to animal species other
than those evaluated in the studies. "
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LIST OF ACRONYMS

ARCL
BGS
CERCLA
CLP
COC
DOE
DOE-RL
Ecology
EDMC
EPA

Allowable Residual Contamination Level<
Below Ground Surface
Comprehensive Environmental Response,
Contract Laboratory Program
Contaminant of Potential Concern
U.S. Department of Energy
United States Department of Energy, Richland Operations Office
Washington Department of Ecology
Environmental Data Management Center
U.S. Environmental Protection Agency

Compensation and Liability Act 1980

ERA expedited response action
HEAST Health Effects Assessment Summary Tables
HEIS Hanford Environmental Information System
HFSUWG Hanford Future Site Uses Working Group
HI hazard index
HQ hazard quotient
HSBRAM Hanford Site Baseline Risk Assessment Methodology
HSPPS Hanford Site Past-Practice Strategy
ICR Lifetime Incremental Cancer Risk
IRIS Integrated Risk Information System
IRM Interim Remedial Measure
ISV in situ vitrification
LFI Limited Field Investigation

LOEL lowest observable effects level
MEI Maximally Exposed Individual
ND not detected
NESHAPS National Emission Standards for Hazardous Air Pollutants
NPL National Priorities List
PAH polyaromatic hydrocarbons
PCBs polychlorinated biphenyls
PEF Particulate Emission Factor
QA Quality Assurance
QBRAM Qualitative Baseline Risk AsSessment Methodology
QC Quality Control
QRA Qualitative Risk Assessment
RAGS Risk Assessment Guidance for Supecfund
RCRA Resource Conservation and Recovery Act
RESRAD Residual Radioactive
RfD reference dose
RME Reasonable Maximum Exposure
SF slope factor
TAL target analyte list
TCL target compound list
TLD Thermoluminescent Detector
TSD Treatment, Storage and Disposal
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UCL upper confidence limit
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WAC Washington Administrative Code
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1.0 INTRODUCTION

The 100-HR-1 operable unit is located within the 100 Area of the Hanford Site
(Figure 1-1). The 100 Area of the Hanford Site was included on the U.S. Environmental
Protection Agency's (EPA's) National Priorities List (NPL) under the Comprehensive
Environmental Response, Compensation, and Liability Act of 1980 (CERCLA).

The Washington State Department of Ecology (Ecology), EPA, and the U.S.
Department of Energy (DOE) are signatories to the Hanford Federal Facility Agreement
and Consent Order (Tri-Party Agreement, Ecology, et aL, 1992). The signatories have
developed a strategy to emphasize initiating and completing waste site cleanups in the
Hanford Site Past-Practice Strategy (HSPPS, DOE-RL 1992a). The HSPPS identifies three
paths to support this bias for action. The paths are an Expedited Response Action (ERA),
and an Interim Remedial Measure (IRM), with or without a Limited Field Investigation
(LFn.

The qualitative risk assessment (QRA) is intended to provide information, along
with other considerations in the LFI report, to identify potential candidates for IRMs,
although it may be used to support the other paths when agreed upon by the Tri-Party
Agreement signatories. An IRM, as defined in the HSPPS, is "an on-site response
conducted pursuant to CERCLA 40 CFR 300.430 involving interim remedial actions which
are conducted at a CERCLA past practice operable unit at any time prior to initiation of
final remedial action. Interim response measures can include Resource Conservation and
Recovery Act (RCRA) interim measures as deemed appropriate by the parties." It should be
noted that an IRM is intended to provide remedial measures as needed during the course
of CERCLA activities, and may not in itself be a final remedy.

This report provides the qualitative risk assessments for the high priority waste sites
associated with this operable unit. The application of the HSPPS at the 100-HR-1 operable
unit is discussed in detail in the Remedial Investigation/Feasibflity Study Work Plan for the
100-HR-1 Operable Unit (DOE-RL 1992b).

1.1 PURPOSE AND SCOPE OF REPORT

The purpose of the QRA at the 100-HR-1 operable unit is to focus on a limited set of
human and environmental exposure scenarios in order to provide sufficient information to
assist the Tri-Party signatories in making defensible decisions on the necessity of IRMs.
Frequent- and occasional-use exposure scenarios are evaluated in the human health QRA
to provide bounding estimates of risk, and are based on the residential and recreational
exposure factors, respectively, presented in the Hanford Site Baseline Risk Assessment
Methodology (HSBRAM, DOE-RL 1993a) as agreed by the 100 Area Tri-Party unit managers.
Currently, there are no residential or recreational land uses in the 100-HR-1 operable unit
Ecological scenarios are evaluated using biological endpoints with ranges similar in size to
the waste site. The Hanford Future Site Uses Working Group (HFSUWG) recommended
the 100 Area be classified for unrestricted land use and listed four options for consideration
(HFSUWG 1992). The options are: (1) Native American uses; (2) limited recreation,
recreation-related commercial uses and wildlife; (3) B-reactor as a museum/visitor center,
and (4) wildlife and recreation. None of the HFSUWG recommendations included
residential use.
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Available off-Hanford Site monitoring information indicates that overall Hanford

Site risk to current off-site residents already meets the 104 to 106 EPA target risk levels.

Therefore, 100-HR-1 waste sites, which contribute only a part of any off-site risks, also

currently meet the target risk range. . In addition, current Hanford Site personnel are

sufficiently protected because access to the 100-HR-1 waste site is restricted by fencing, on-

and off-site monitoring is conducted, and soil or gravel cover exists which reduces or

eliminates the potential for exposure. Because these current protective measures may not

exist in the future, the QRA evaluates contaminants detected in the soil at the waste sites.

The contaminants detected from 0 to 15 feet were considered to be exposed at the surface
because the Washington Administrative Code requires this assumption based on the

potential depth of soil excavation for a basement (WAC 173-340-740(6)(c)). As part of the
QRA, contaminants detected below 15 feet were evaluated for potential impact to
groundwater. Risk calculations, however, were not performed for those contaminants
detected below 15 feet.

-s • The only other current risk scenario would be a trespasser at the site. The
occasional-use scenario effectively addresses this pathway. It is, however, a conservative

rrP° assessment of current risk because it includes the evaluation of soil ingest'ion/inhalat"ion to
contaminants that may be as deep as 15 feet below ground surface. This conservative
approach was used because of the limited data set and because the QRA is a screening
level, bounding risk assessment.

The available LFI and historical data are evaluated in exposure and-toxicity
assessments to determine the risks or hazards associated with each high-priority waste site
in the 100-HR-1 operable unit. The QRA is conducted using the HSBRAM (DOE-RL 1993a)
as guidance.

The QRA for the 100-HR-1 source operable unit is based upon limited historical and
LFI sampling data, where available, describing the presence and vertical extent of
contamination at individual high-priority waste sites. Where sampling data are not
available, historical and process knowledge is used to identify potential contaminants.

1.2 REPORT ORGANIZATION

Four chapters, including this introduction, are presented in this QRA. Chapter 2.0
is an overview of the QRA evaluation process, Chapter 3.0 provides the human health and
ecological evaluation of each high-priority waste site, Chapter 4.0 presents a summary of
the major findings of the QRA and includes summary tables which identify key results of
the QRA.

1.3 OPERABLE UNIT BACKGROUND

The Hanford Site is a 1,434-kmZ (560 mi2) tract of land located in Benton, Franklin,
and Grant counties in the south-central portion of the state of Washington. The 100-H
Area is located in Benton County along the bank of the Columbia River in the north-central
part of the Hanford Site, approximately 44 km (27 mi) north-northwest of the city of
Richland, Washington, as shown in Figure 1-1. The 100-HR-1 operable unit is located in
the northeast portion of the 100-H Area and covers approximately 40.5 hectares (100 acres).
The 100-HR-1 operable unit lies primarily within the northeast quadrant of Section 18 of
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township 14N, range 27E and is located within latitude 46 42' 30" and 46 43' 30" north and
longitude 119 29' 00" and 119 28' 00" west.

The 100-H Area contains the H reactor and its operational support facilities. The H
reactor, constructed after World War II, operated from 1949 through 1965, when it was
retired from service. The 100-H Area is subdivided into the 100-HR-1 and the 100-HR-2
operable units. 100-H Area operable units are shown in Figure 1-2. The 100-HR-3
groundwater operable unit lies beneath the 100 D/DR and 100-H area. This QRA addresses
only high-priority waste sites in the 100-HR-1 operable unit.

The geographical area associated with the 100-HR-1 operable unit contains waste
units associated with the original plant facilities constructed to support H reactor
operations. Chapter 2.0 in the 100-HR-1 work plan (DOE-RL 1992b) provides, in detail, the
operations conducted in the 100-HR-1 operable unit. Figure 1-2 shows the approximate
boundaries of the 100-HR-1 operable unit with respect to other operable units. Figure 1-3 is
a map of the 100-HR-1 operable unit showing high priority wastes sites.
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2.0 HIGH-PRIORITY WASTE SITE EVALUATION OVERVIEW

This chapter provides an overview of the approach used in evaluating the high-
priority waste sites for the 100-HR-1 operable unit QRA. Section 2.1 is a discussion of the
data sources, Section 2.2 addresses the use of background, and Section 2.3 is an overview of
the approach used to evaluate human health and ecological impacts: In addition, Section
2.3.3 addresses the approach used to evaluate potential groundwater impacts.

Table 4-2 in the 100-HR-1 operable unit work plan (DOE-RL 1992b) identified the high-
priority waste sites to be included as a part of the HSPPS strategy. The sites for which LFI
and historical data are available to conduct a QRA are:

• 116-H-1 trench
e-; • 116rH-2 trench
° • 116-H-3 french drain

• 116-H-7 retention basin
• 116-H-9 crib

The sites for which only historical data are available are:

• Process effluent pipelines
• 116-H-7 sludge burial trench

The site for which historical information and analogous site information are available is:

• 116-H-5 outfall structure

The sites for which there are limited historical information available are:

• 132-H-3 pump station
• 116-H-6 retention basin
• 132rH-2 building
• 132-H-1 stack
• 116-H-4 crib

Facilities proposed for decommissioning and low-priority facilities identified in
Table 4-2 in the 100-HR-1 operable unit work plan will not be addressed in this QRA.

2.1 DATA SOURCES

The purpose of this section is to provide an overview of the general sources of
information consulted to prepare the QRA. Historical data and LFI data were reviewed for
the waste sites in Sections 2.1.1 and 2.1.2, respectively. A more comprehensive discussion of
data sources is provided in the LFI report for this operable unit. The data for each high
priority waste site are presented in Chapter 3.0.
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2.1.1 Historical Data

A majority of the historical data (mainly Dorian and Richards 1978) that is summarized

in Chapter 3.0 has been obtained from the 100-HR-1 operable unit work plan (DOE-RL

1992b), unless referenced otherwise. The historical data provide information on a waste site

which is compared to LFI data, when available, to support identification of possible

contaminants for consideration in the QRA and to support the characterization of the risk for

the high-priority waste sites. The historical Dorian and Richards data are considered of

medium quality. Although standard laboratory methods were used in sample analysis, the

data were not validated. Radionuclide concentrations, in 1992 and 2018, are calculated, as

appropriate, from historical data for use in the QRA

Former building sites may be potential sources of contamination, therefore, some
decommissioned facilities have been included in the list of high-priority waste sites.
Decontamination and decommissioning activities at some sites have been instituted to
minimize the spread of radioactive isotopes from reactors, buildings and facilities after the
reactors were retired. Decontamination and decommissioning data and information have
been reviewed and included in the historical information if available.

2.12 LFI Data for the Waste Sites

The five high-priority waste sites at which LFI data were collected are:

• 116-H-1 trench
• 116-H-2 trench
• 116-H-3 french drain
• 116-H-7 retention basin
• 116-H-9 crib

The LFI data available for each operable unit include information from borehole, test
pit, surface soil, or sludge samples that were collected where existing data were considered
insufficient. Sampling and field activities for the 100-HR-1 operable unit are summarized in
Description of Work for the 100-HR-1 Source Operable Unit (Roberts 1991). Figure 2-1 shows the
LFI sampling locations within the 100-HR-1 operable unit. Samples were typically analyzed
for volatile, semivolatile,.pesticide/PCBs, radionuclides, and wet chemistry parameters as
specified in Table 4-2 of the 100-HR-1 operable unit work plan (DOE-RL 1992b). Laboratories
performing the analyses were Weston Analytics of Lionville, Pennsylvania and TMA-Norcal
Laboratory of Richmond, California.

A total of 20 LFI samples were collected during 1992 at the 100-HR-1 operable unit.
The LFI data collected, for each waste site were analyzed using methods specified in Appendix
A of the Quality Assurance Project Plan in the 100-HR-1 work plan. Based on the validation
activities, data results were assigned qualifiers in accordance with criteria specified in the Data
'Validation Procedures for Cltemical Analyses (Bechtold 1992). Data that are termed "usable"
(detected compounds or estimated "J" values) can be used in the risk assessment. An example
of data that are not considered usable are data that were rejected (qualified with an "R") by
the data validator. If upon review of the rejected data, the reason for rejection was due to
administrative concerns ( e.g., missing data sheets) and not because of other quality

0

assurance/quality control (QA/QC) issues ( e.g., technical concerns), the rejected data are used
in the QRA. This is the only instance in which rejected data were considered in the QRA.
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The LFI data used in this report were 100% validated. Historical data have not been
validated according to the same EPA guidelines.

Analytical results were compiled into tabular summaries for use in preparing the QRA.
Data sources were electronic files in CLP format, validation reports, and laboratory result
forms. Electronic files were processed to extract the analytical results. Data from validation
reports and laboratory forms were hand entered, 100% verified, and corrected if needed in
the tabular summaries. Data from all sources were compiled into separate tabular summaries
of organic, inorganic, radiochemistry, and wet chemistry data and updated with qualifiers
from the validation reports, where appropriate.

Laboratory and field blanks were used to evaluate each data set for common
laboratory contaminants and site conditions. Organic laboratory 'blank results accompanying
sample results for 100-HR-1 operable unit were used in conjunction with the five and ten
times rule as specified in the Laboratory Data Validation Functional Guidelines for Evaluating
Organics Analyses, section IV (Bleyler 1988). Results from organic field blanks collected at 100-
HR-1 were used to evaluate the results from,100-HR-1 samples using the five and ten times
rule specified in Bleyler (1988). A discrepancy exists between Bleyler (1988) and Bechtold
(1992) in that the former document makes no distinction between the use of laboratory or
field blanks while the later document specifies that the field blanks be treated separately
using only the five times rule for all analytes. Inorganic and radionuclide field blanks were
utilized using the five times rule as specified in Bleyler (1988). LFI data are of high quality
based on the above information. Further discussion on laboratory and field blanks is
provided in Appendix G.

A common data set is being used for the QRA and the LFI report.

2.2 GENERAL HANFORD SITE BACKGROUND DATA SUMMARY

The natural composition of soils at the Hanford Site has recently been characterized
(DOE-RL 1993b). The characterization effort involved the determination of the types and
concentrations of non-radioactive analytes that exist naturally in soils at the Hanford Site. In
addition, physical properties and factors that might affect the natural soil chemical
composition, as determined by regulatory protocols, were also characterized.

Project-specific background data have not been collected for the 100-HR-1 LFI and
QRA, therefore the site-wide approach to characterization of soil background was used as
recommended in HSBRAM (DOE-RL 1993a). The site-wide approach is based on the premise
that all waste sites are part of a common sequence of vadose zone sediments, and the basic
characteristics that control the chemical composition of the sediments are similar throughout
the Hanford Site. Based on this premise, a range of natural soil compositions was used to
establish a single set of soil background data. This approach has the advantage of providing
a single, consistent set of data for assessing baseline risk. There may be instances, however,
where a project-specific background may be a more appropriate comparison. It has been
determined that there are soils in ecosystems (e.g. riparian ecosystems) that have distinctively
higher concentrations of metals than the site-wide reference levels (DOE-RL 1993b). These
higher concentrations were attributed to higher concentrations of organic matter in soils
found in riparian ecosystems. Thus, it may be more appropriate to develop a project-specific
background to evaluate waste sites that are located in the riparian ecosystem (e.g. outfall
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structures). Although this approach should be evaluated further, it has not been used in this report.

The 95 % upper threshold limit (UTL), based on a lognormal distribution of the data in DOE-

RL (1993b), for inorganic analytes is presented in Table 2-1. The UTL is the 95% confidence limit

for the 95th quantile of the distribution and serves as a statistically significant estimator on the upper

population limits of background concentration. To determine if an inorganic analyte is a contaminant,
the maximum value found in either historical or LFI data is compared to the 95 % UTL which is used

as the background value. If the analyte maximum concentration exceeds the 95 % UTL, the analyte

was considered a contaminant and evaluated further in the risk assessment. Detected levels of organic

and radionuclide analytes in historical or LFI data are not compared against background. Instead,

organic and radionuclide analytes are assumed to be contaminants and evaluated in the risk
assessment, as recommended in HSBRAM (DOE-RL 1993a).

2.3 QUALITATIVE RISK ASSESSMENT OVERVIEW

As described in Section 1.1, the intent of the QRA is to provide information to be used in the
LFI report in support of a decision whether an IRM is necessary at each high-priority waste site. The
results and conclusions of the QRA for each high-priority waste site are presented in the text and
tables of Chapter 3, and summarized in the text and tables of Chapter 4.

2.3.1 Human Health Evaluation

This section discusses the general approach used to implement the four elements of the human
health evaluation for the QRA. Additional discussion on the QRA is presented in Appendix C of the
HSBRAM (DOE-RL 1993a).

2.3.1.1 Identification of Contaminants of Potential Concern. The information on each high-
priority waste site is reviewed to identify chemicals or radionuclides that may impact the key media
(e.g., soil, groundwater, surface water, air, or biota). This information includes process knowledge,
disposal knowledge, records of inventory, historical information, information obtained during site
reconnaissance, and data generated from LFI sampling activities. Information or data collected from
analogous sites or similar categories of sites (e.g., cribs associated with the reactor sites) may also be
used to identify potential chemicals or radionuclides present at a site.

In general, both the historical and LFI data are considered for identification of contaminants
of potential concern. The parameters are considered only if they are located in the upper 4.6 m(15
ft) of soil. The higher concentration for each parameter from either the historical or LFI data sets is
selected for evaluation in the QRA.

The process discussed in Section C.2.1 of the HSBRAM (DOE-RL 1993a) and shown in
Figure 2-2 is used to identify contaminants of potential concern'for each high-priority waste site.
This process includes the definition of contaminants based on site-wide background (see Section 2.1.3
(DOE-RL 1993a)) and the preliminary risk-based screening (see Section 2.1.4 (DOE-RL 1993a))
using residential scenario exposure parameters at a lifetime incremental cancer risk (ICR) of IE-07
and a hazard quotient (HQ) of 0. 1. Preliminary risk-based screening is used to identify potential risk-
driving contaminants and to save time and resources in.the review and implementation of the risk
assessment.
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If no LFI sampling data are available, the historical information discussed above is used to
qualitatively develop a list of contaminants of potential concern for a site. Analogous site data may
also be used to identify contaminants of potential concern.

2.3.1.2 Exposure Assessment. The exposure assessment methodology is presented in Section 2.2
and Appendices A and C of the HSBRAM (DOE-RL 1993a). The exposure assessment includes the
determination of exposure scenarios, expbsure pathways, exposure parameters, exposure point
concentrations, and the quantification of exposures. The scenarios and pathways for the QRA have
been discussed and selected by the 100 Area Tri-Party unit managers. The components of the
exposure assessment methodology are individually discussed in the following paragraphs.

2.3.1.2.1 Exposure scenarios. The exposure scenarios selected to evaluate the high priority
sites are based on frequent use and occasional use of the waste site under contaminant conditions in.
1992. The exposure parameters used in the frequent-use and occasional-use exposure scenarios are
identical to those presented in Appendix A of the HSBRAM (DOE-RL 1993) for residential and

--'-a.- recreational exposure scenarios, respectively. However, the terms "occasional-use" and "frequent-
use" are used to describe the exposure scenarios, in the QRA because the QRA scenarios represent a
general bounding of conditions for potential frequency of human site-use. Currently, there is no
regular use of the high-priority waste sites in 100-HR-1 operable unit. Thus, the exposures and
associated risks presented in the QRA in 1992 are not actual risks but estimates of potential risks
under high-frequency use or low-frequency use. In addition to the above scenarios, the frequent-use
scenario is also evaluated for radionuclides using the maximum concentration of radionuclides
decayed to 2018. In accordance with the Tri-party agreement, the year 2018 is the earliest time in
which the Federal Government could release portions of the Hanford Site for non-industrial uses.
This additional scenario is presented to evaluate the impact of radionuclide decay on exposures that
would occur in the future.

For the purpose of evaluating external exposure to radionuclides, an additional occasional-use
exposure scenario is presented in Appendix F. This evaluation recognizes that contaminants that are
located at depth are not accessible to receptors. However, radionuclides present in the soil could
result in external exposures. Consequently, a more realistic evaluation of current exposures
accounting for the presence of any clean cover is discussed for the occasional-use scenario in 1992
focusing on the external exposure pathway.

2.3.1.2.2 Exposure Pathways. The.pathways that are evaluated for each scenario of the
QRA for 100-HR-1, are:

• Soil ingestion
• Fugitive dust inhalation
• Inhalation of volatile organics from soil
• External radiation exposure.

No additional pathways are evaluated in this QRA. No modeling of contaminant transport has
been conducted for the QRA of high-priority waste sites at 100-HR-1 operable unit.

2.3.1.2.3 Exposure Parameters. Scenario-specific exposure parameters are defined in
Appendix A of the HSBRAM (DOE-RL 1993a). Recreational exposure parameters are used to
evaluate the occasional-use scenario and are provided in Tables A-4, A-5, and A-6 of Appendix A of
the HSBRAM (DOE-RL 1993a); residential exposure parameters are used to evaluate the frequent-use
scenario and are provided in Tables A-7, A-8, and A-9 of Appendix A of the HSBRAM (DOE-RL
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1993a). The QRA uses maximum contaminant concentrations, as discussed in Section 2.3.1.2.4, to
conservatively evaluate a focused set of receptors and exposure pathways.

2.3.1.2.4 Exposure Point Concentrations. For purposes of the QRA, if contaminant

concentration data are available, the maximum concentration of a contaminant of potential concern

detected in a specific medium is used as the exposure point concentration. The maximum

concentration is used, rather than calculating a 95 % upper confidence limit of the mean (UCL),

because of the limited number of samples that are available for each specific high-priority waste site

and because this is a qualitative evaluation of the potential risk.

For waste sites with LFI and historical data, historical radionuclide sampling data
concentrations were decayed to 1992, compared to LFI data, and the maximum concentrations
between the two data sets used for evaluation in the QRA for frequent and occasional-use scenarios.
LFI and historical sampling data were both decayed to 2018 to assess a frequent-use scenario in the
future.

For waste sites with historical data only, the historical radionuclide sampling data
concentrations were decayed to 1992 and evaluated for frequent- and occasional-use scenarios, and
were decayed to 2018 to assess a frequent-use scenario.

The Washington Administrative Code requires the assumption that a reasonable estimate of
the depth of soil that could be excavated and distributed at the ground surface as a result of site
development activities (e.g., constructing a ba'sement) is from ground surface to 4.6 m (15 ft) below
ground surface [WAC 173-340-740 (6(c)]. Therefore, for the soil ingestion or external exposure
pathways, the maximum concentration of a contaminant detected in the upper 4.6 m (15 ft) of the soil
is used to calculate contaminant intakes for the frequent-use and occasional-use scenarios in 1992 and
the frequent-use scenario in 2018.

The methodology used to evaluate the effect of shielding on risks to occasional users because
of the presence of clean cover in 1992, is provided in Appendix F. Maximum contaminant
concentrations in the upper 2 m(6 ft) and site•radiol'ogical survey data are used to evaluate potential
risks at individual waste sites. Radionuclides present below 2 m(6 ft) do not present an external
radiation exposure risk at concentrations encountered in this QRA.

Concentrations at greater depth, although not likely to result in exposures through soil
ingestion, inhalation, or external exposure pathways, may impact groundwater. Discussion of
potential impacts to groundwater from soil contaminants present at 100-HR-1 high-priority waste sites
are presented within each site-specific QRA.

For the air inhalation pathway, maximum contaminant concentrations in the upper 4.6 m(15
ft) of soil and a respirable particulate emission factor (PEF), as described by EPA ( 1991a) were used
to generate preliminary risk-based soil concentrations for fugitive dust inhalation. The PEF relates
contaminant concentrations in soil to the concentration of respirable particles in the air due to fugitive
dust emissions. The PEF of 2E+07 m'/kg used in the QRA is based on the National Primary
Ambient Air Quality Standard for particulate matter of 50 µg/m' and the assumption that 100% of the
particulates are retained in the lungs and absorbed. The PEF calculation is provided in Appendix C.
A site-specific PEF was not calculated for each high-priority site due to the qualitative nature of the
assessment.
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2.3.1.2.5 Quantification of Exposures. The inethodology for quantification of exposures is
presented in Section 2.2.5 of the HSBRAM (DOE-RL 1993a). Equations used to estimate intakes (a
measure of exposure expressed as the concentration that is contacted over a period of time) are also
provided in Section 2.2.5 of the same document. Standard EPA equations (EPA 1989a, DOE-RL
1993a) are used as the basis for all intake calculations, Example equations and calculations are
provided in Appendix C.

2.3.1.3 Toxicity Assessment. The general procedures for toxicity assessment are presented in
Section 2.3 of the HSBRAM (DOE-RL 1993a). The toxicity assessment for the QRA identifies
contaminant-specific toxicity factors and briefly discusses the key toxicities associated with the
contaminants of potential concern. The intention is to include sufficient information on the
contaminants of potential concern to assist project managers in reaching decisions on IRMs, but not to
evaluate all potential toxicities or coritaminant characteristics. Toxicity profiles for.all contaminants
of potential concern in the QRA for the 100-HR-1 operable unit are provided in Appendix B.

Several assumptions have been made with respect to the toxicity of parameters evaluated in
the QRAs. These assumptions are:

• All chromium is assumed to be chromium (VI), which is the most toxic valence state
of chromium;

• Site-wide background for antimony is based only on a detection limit. Because this
detection limit was greater than the detection limit of the LFI data, all antimony is
evaluated in the preliminary risk-based screening rather than eliminated from further
evaluation by comparison to background;

Nickel, as nickel subsulfide, and nickel refinery dust (about 50% nickel subsulfide)
have been determined to be carcinogenic in humans via inhalation. Nickel refinery
dust is generated during high temperature operations at manufacturing plants.
Because there was no pyrolytic activity at these waste sites that would generate nickel
refinery dust, detected nickel in environmental medium is, therefore, not considered
carcinogenic;

• Because there is no published toxicity value for lead, it is not evaluated in the QRA
beyond the preliminary risk-based screening if the concentration is within or less than
the range of 500 - 1,000 mg/kg identified by EPA as generally protective for
residential (i.e, frequent) use (EPA 1989b);

If toxicity factors are not available for a contaminant, surrogate factors are generally
not used in the QRA. Exceptions are appropriately noted. For example, because
consensus on the appropriate manner of evaluating carcinogenic PAHs other than
benzo(a)pyrene has not been reached in EPA Region 10, these compounds are not
quantitatively evaluated in the QRA.This assumption may result in an underestimation
of total waste site hazard quotients or total waste site incremental cancer risks; and

• When historical data do not identify which uranium isotope was detected, uranium-
238 is assumed based on its weight percent contribution to natural uranium
(approximately 99%). The slope factors of all uranium isotopes differ slightly, which
may result in different risk estimates.
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2.3.1.4 Risk Characterization. The risk characterization for the QRA is conducted as presented in
Section 2.4 of the HSBRAM (DOE-RL 1993a). The qualitative approach evaluates sites with
quantitative sampling data and sites with limited or no sampling data. Consequently, risk
characterization is discussed separately for each situation in the following paragraphs.

2.3.1.4.1 Risk Characterization When Quantitative Data Are Available. If quantitative
data are available for calculating lifetime incremental cancer risks (ICRs) and hazard quotients (HQs),
the risk characterization includes:

• Calculation of contaminant-specific ICRs and HQs as described below;

• Calculation of site-specific risks from contaminant-specific risks;

• Qualitative discussion of the risks with respect to the following levels:

Contaminant-specific ICR = 1E-06,
Contaminant-specific hazard quotient = 1,
Site total ICR = 1E-06, and
Site total hazard index ( i.e., sum of hazard quotients) = 1;

• Categorization of human health risks using the relative risk classifications of high
(ICR > 1E-02), medium (ICR 1E-02 to 1E-04), low (ICR tE-04 to 1E-06), and very
low (ICR G 1E-06).

• Qualitative discussion of the uncertainty associated with the risk estimates ; and

• Qualitative discussion of the threat posed by the site.

Throughout the QRA, ICR values that exceed 1.E-02 are reported as "> 1E-02" because the
linear equation used to estimate cancer risk is

,
only valid at low risk levels [(i.e., below estimated

risks of 1E-02) EPA 1989a]. Risk e'stimates made using this equation become increasingly inaccurate
as they approach a value of 1 because the stochastic nature of cancer induction implies that no
exposure level is high enough to ensure a carcinogenic response. Therefore, in such cases ICR values
are reported as "> IE-02".

For noncarcinogenic contaminants, the HQ is:

HQ = Daily Intake / RfD

where the RfD is the contaminant-specific chronic reference dose.

For carcinogenic contaminants, the equation used to estimate the ICR is:

ICR = Intake X SF

where the SF is the contaminant-specific slope factor.
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2.3.1.4.2 Risk Characterization When Quantitative Data Are Not Available. For six
sites listed in Section 2.0, sampling data are not available to calculate ICRs and HQs. The risk
characterization, therefore, is only a qualitative discussion of the threat posed by the site and the
confidence in the information available to assess the threat. Process knowledge, data from analogous
sites, and other information, as available, are utilized to qualitatively characterize the risk for a site.

'Contaminant specific risk-based concentrations in a medium can be calculated if information is
available on possible contaminarits at a high-priority waste site. The risk-based concentrations are
then compared to estimated site concentrations in a medium. The comparison of risk-based
concentrations to estimated medium concentrations is a means of putting site information into
perspective. For example, if historical data or process knowledge indicate that very high
concentrations of contaminants may be present in the soil, the calculation of a risk-based soil
concentration provides a means for identifying concentrations that would be of concern.

;:T= The basic intake equations are modified to identify concentrations in a medium associated with
µ^^ a given cancer risk or HQ using the HSBRAM (DOE-RL 1993a) exposure parameters. The basic

equations modified appropriately are presented in Appendix C.

The risk characterization includes a qualitative discussion of the site information, the risk-
--= based concentration comparison, and the potential threat posed by the site. The overall uncertainty in

the risk characterization is an important part of the QRA, and is especially relevant when data are not
available.

2.3.1.5 Evaluation of Uncertainty. The evaluation of uncertainty in the characterization of risks is
an integral part of the QRA. The risks, both carcinogenic and noncarcinogenic, presented in the
QRA are conditional estimates given multiple assumptions about exposures, toxicity, and other
variables. The uncertainty in the QRA risk characterization focuses on specific uncertainties related
to the waste site (e.g., data evaluation) and to the risk assessment process (e.g., toxicity information,
exposure assumptions, etc.).

Uncertainty can be related to the characterization of the waste site due to the quality of data
used in the QRA. Confidence in the identification of contaminants and concentrations is rated high,
medium and low and defined as follows:

• High: the waste site generally has historical and LFI data (either from the site or
analogous data) of the same medium, i.e historical and LFI soil data.

• Medium: the waste site generally has historical and LFI data which is not of the same
medium.

• Low: the waste site generally has historical data or information but no LFI data.

Data used in this QRA are generally of high, known quality (LFI data) or medium quality
(Dorian and Richards data). LFI data are analyzed following specific EPA methods, have been
validated following EPA functional guidelines, and are of known quality. The data used from the
Dorian and Richards report were analyzed following routine laboratory protocols, but have not been
validated; therefore the quality of the data is rated medium. Specific uncertainty considerations are
discussed in Chapter 3.0 as part of each high-priority waste site QRA. An overall uncertainty
discussion is presented in Chapter 4.0.

2-9



WHC-SD-EN-RA-004, Rev. 0

The uncertainties related to the risk assessment process are due to the appropriateness of the
toxicity information, the interpretation of toxicity data, the exposure assumptions, and the risk
characterization. The primary source of uncertainties related to the toxicity of the contaminants
include the following:

• Using information on dose-response effects from high-dose exposure scenarios to .
predict effect at low-dose exposure scenarios.

• Using animal dose-response data to predict effects in humans.

• Using short-term exposure data to extrapolate to long-term, or vice versa.

• Using dose-response information from a homogeneous animal or healthy human
population to predict the effects that may occur in the general population where there
are varying sensitivities to different contaminants.

Uncertainty in the exposure assessment occurs because of the limited amount of data used in
characterizing the exposure concentration. The use of maximum concentrations for soil exposures and
assumed concentrations for air exposures may over- or under-estimate exposures. Additional
uncertainty is present in the external exposure.assumptions and risk characterization, as discussed in
Appendix F.

Uncertainty in the risk characterization is the result of adding multiple contaminant exposures
over several pathways. The summation of cancer risks across pathways or for multiple pathways may
make the total cancer risk estimate more conservative. However, some contaminants may not have
been evaluated because of the lack of slope factors or reference doses or because analytical data were
not available.

2.3.2 Ecological F,valuation

The qualitative ecological risk assessment estimates the ecological risk from existing
contaminants in the 100-HR-1 operable unit to selected ecological receptors. The Great Basin Pocket
Mouse is the indicator ecological receptor of risk from each of the waste sites within the 100-HR-1
operable unit. The mouse is used as the indicator receptor because it's home range is comparable to
the size of most waste sites and will receive most of it's dose from a waste site.

2.3.2.1 Problem Formulation. Issues relevant to evaluating the qualitative ecological risk for waste
sites within the 100-HR-1 operable unit are:

• identifying the contaminatits of concern that occur in concentrations greater than
background

• identifying the media in which these contaminants occur

•. obtaining transfer coefficients for contaminant movement between
indicator organisms

• estimating doses, daily intake rates, or body burdens from contaminants based on
transfer coefficients, the conceptual model, fraction of the receptor's habitat that is
contaminated, and exposure duration and frequency
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• comparing doses, daily intake rates, or body burdens to established benchmarks.

2.3.2.1.1 Stressor Characteristics, Ecosystems Potentially at Risk, and Ecological
Effects. This section describes the process of identifying the stressor characteristics, the ecosystems
likely to be affected by these stressors, and the possible results to the stressor from exposure of
selected ecosystem receptors.

The stressors of concern are identified in the human risk assessment as those constituents
elevated above background. Those stressors above the background screen are used in the QRA. A
detailed discussion of stressor characteristics is not given since all contaminants exceeding background
are included in the risk assessment.

All contaminant elements evaluated in this analysis have been found in the soil within the site
'.3 or were identified through historical records. The waste site does not contain surface water bodies
„rc and is not apparently subject to mass flows from surface water runoff. No data have been obtained to

evaluate concentrations of contaminants in biological media within the site; consequently, biological
uptake was evaluated from a soil source tetm.

`5^
Components of the 100-HR-1 operable unit environment that may be affected by wastes at the

};`; - site include parts of the food web shown in Figure 2.3. For this qualitative risk assessment, only one
receptor (the Great Basin pocket mouse, a herbivore) was chosen for risk screening. This is in
contrast to a baseline risk assessment where multiple receptors and their risks are determined from
site-specific data. A listing of plants, animals; birds, and reptiles found in proximity to the 100-HR-1
sites is available in Landeen et al. (1993). The reference also lists threatened and endangered plant
and animal species native to Hanford. Information on 100 Area biotic sampling can be found in
Schmidt et al. (1993), Landeen et al. (1993), and Wintczak (1993). A summary table of measured
biotic uptake of contaminants by plants near the 100-HR-1 waste sites is included in the Appendix
(Table D-4) and can serve as potential verification data for the soil-based uptake model of
radionuclides.

Contaminants found in the soil at waste sites within the 100-HR-1 operable unit include
radioactive and nonradioactive elements. For nonradioactive elements, ecological effects were
evaluated from uptake from the soil by plants, and by accumulation of these elements through the
foodweb. Radioactive elements have ecological effects resulting from their presence in the abiotic
environment (external dose), and from ingestion (consumption dose), resulting in a total body burden.
Total daily doses to an organism can be estimated as the sum of doses received from all radioactive
elements ingested, residing in the body, and available in the organism's environment. Radiological
dose calculation methodology has been reviewed by Baker and Soldat (1992), and was applied in this
risk assessment. The radiological dose any organism receives is usually expressed as rad/day.

2.3.2.1.2 Endpoint Selection. The measurement endpoints are the health and mortality of
the Great Basin pocket mouse. Assessment endpoints are beyond the scope of the QRA, since it is
not an ecosystem level study. Thus, the focus of this study is at the individual level of ecological
organization. The major departure of the qualitative and quantitative risk assessments occurs at
endpoint assessments. Typically, in a quantitative risk assessment, several trophic levels and several
ecological receptors of the foodchain are selected for study to encompass receptors of varying
sensitivity, different endpoints, and several contaminant transport pathways. For this qualitative
ecological risk assessment, only one receptor is used for limited exposure scenarios and simple
endpoints.
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2.3.2.1.3 The Conceptual Model. Based on the descriptions of ecological resources present
at or near the 100-HR-1 operable unit wastes site and assuming a contaminant source limited to the
soil, a conceptual ecological model can be derived for the key ecological resources (Figure 2-3). In
this model, uptake of contaminants from soil by vegetation serves as the basic source of contaminant
entry into the food chain. External doses of ionizing radiation, inhalation of contaminants, and
ingestion via preening or grooming contaminated fur are ignored in this model. The herbivore
component, represented in the model by insects, the dominant herbivorous mammals, and the
dominant herbivorous (seed-eating) bird, acts as the primary conduit between contaminants in
vegetation and contaminants in carnivores. Two levels of carnivores are common to the 100 Area:
the primary carnivores prey almost entirely on herbivores, consequently only three levels of
bioaccumulation are possible (soil to plant, plant to herbivore, herbivore to primary carnivore).
Second-order carnivores prey on other carnivores as well as on herbivores. The key receptor
evaluated in this risk assessment is the Great Basin Pocket Mouse.

Estimating ecological risks from contamination is problematic when considering animals
whose habitat use extends beyond the operable unit boundaries. For example, the 116-H-1 waste site
is a relatively small area within the much larger 100-HR-1 operable unit, and the other waste sites are
separated from each other by areas where contaminant concentrations are unknown, but are likely to
be much lower than that found in the waste sites themselves. Consequently; the environment outside
the 100-HR-1 operable unit waste site as used by most of the wide-ranging animals in the conceptual
model is likely to be a mix of contaminated and uncontaminated habitat.

Because the waste site is small, when compared to the home ranges of animals such as hawks,
owls, loggerhead shrikes, and coyotes, the increase in risk from an individual waste site to these
resources from the operable unit is likely to be small. This risk increase may be insignificant if an
uncontaminated environment outside the operable unit is assumed. A worst case assumption would be
that the contaminated environment of the receptor outside the waste site is not much different from
that within the site environment. Such an assumption would be highly conservative for the larger
raptors and the coyote, who range over many square kilometers (miles). A reasonable estimation of
risk for these receptors lies somewhere between these extremes. The approach taken in this QRA is
to evaluate risk for the small herbivore component (Great Basin Pocket Mouse) based on a two-step
accumulation model operated on a waste-site-by-waste-site basis, since each waste site approximates
the size of the Great Basin Pocket Mouse home range. The home range of the Great Basin pocket
mouse varies from 508-4005 sq in for pans of the Hanford Site (O'Farrell et al. 1975).

2.3.2.2 Analysis Phase. The analysis phase uses the available data to assess the potential of
exposure of the Great Basin Pocket Mouse to the stressors at each waste site.

2.3.2.2.1 Characterization of Exposure. The section focuses on developing the exposure
relationship between receptor and site contaminants. It is assumed these concentrations were
uniformly distributed over the site and were biological active and available for transport into the
biosphere. It is also assumed that the measured concentrations for the radionuclides were the
concentrations appropriate at the time of the risk assessment.

The spatial distribution or the home range of the pocket mouse was evaluatedfrom available
site data to establish the point of contact (length of exposure to COCs) between the stressor and the
mouse. The overlap of receptor home range with the site was considered sufficient for evaluation as
a potential recWtor and it was assumed that all of it's life is spent within the site. The period of
exposure of an organism is determined by evaluating the percentage of time an organism could spend
feeding within the site. This is determined by estimating the fraction of the site area within the
receptor home range area. No attempt was made to discriminate between seasonal use of the site by
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receptors. The usage factor for the Great Basin Pocket Mouse is shown in Appendix D and is
incorporated into the dose equations.

The purpose of the exposure analysis is to integrate the spatial and temporal distributions of
the ecological components and stressors to evaluate exposure.

All nonradioactive and radioactive constituents identified as of potential concern in the human
'health risk assessment prior to risk-based screening were considered to be of concern in the ecological
risk assessment. It was assumed the receptor spends all of its life in the site. Schmidt-Nielson (1948)
and Kritzman (1974) state that this species does not need free water but occasionally eats green
vegetation when available.

For nonradiological constituents, concentrations estimated in mice were compared to the
reported benchmark or potentially toxic concentrations. For radiological constituents, mice
concentrations were converted to dose. Total dose for all radionuclides are compared to published
effect levels and regulatory standards where available (Order DOE 5400.5; IAEA, 1992). The
equations used to calculate radiological and hazardous chemical doses are provided in Appendix D.

2.3.2.2.2 Characterization of Ecological Effects. The relationship between the stressor and
assessment and measurement endpoints is analyzed for characterization of ecological effects. The
only regulatory driver for radionuclides in the environment is DOE Order 5400.5, which requires
exposure limits for aquatic organisms to be less than 1 rad/day. The regulatory benchmark for
terrestrial organisms has not been fotittally established. However, until a formal benchmark is
established, hazard quotients for terrestrial ecological exposure are based on an exposure limit of 1
rad/day (NCRP 1991) for radionuclides and the NOEL dose for non-radionuclides. Because of the
lack of radionuclide data for terrestrial organisms, this limit is also applied to the pocket mouse at the
waste sites in the 100-HR-1 operable unit. Toxicity data for metals are also evaluated.

Ionizing radiation can impact wildlife depending upon the level of exposure. Exposure can be
either acute or chronic. Depending on the concentration of exposure, acute exposures can result in
organism mortality, generally characterized as• the LD-50 (concentration to cause 50 % mortality in
some specified period of time - for mammals this is usually 30 days). Other possible effects from
acute exposure are physiological and pathological changes, developmental and reproductive effects.
Effects from chronic exposure include physiological, reproductive, growth, and developmental effects.

Rose (1992) reported the lower limits of lethal effects for chronic irradiation was 360 rad/year
or roughly 1 rad/day for several American rodents (French et al. 1967, 1974). Semagin (1975)
reported a dose of 0.008 rad/day as the lowest dose that produced an effect on the fetuses of
laboratory rats irradiated during the third period of intrauterine life. It was found that body mass was
reduced and brain mass increased at birth. The increase in brain mass was the result of nerve tissue
and not oedema. The reported range for developmental and behavioral changes from chronic
irradiation exposure was also summarized by Rose (1992). An exposure of 0.49 rad/day did not
effect the growth rate of several American rodents, e.g., Peromyscus leucopus (Childs et al. 1966).
Pocket mice (Pergnathus formosus) were reported unaffected at a dose of 0.96 rad/day (French et al.
1967).

In another extensive review of the affects of ionizing radiation on terrestrial organisms, the
International Atomic Energy Agency (IAEA) (1992), concluded that a"dose rate of approximately 10
mGy/d (1 rad/d) represents the threshold at which slight effects of radiation become apparent in those
attributes, e.g., reproduction capacity, which are of importance for the maintenance of the population.
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IAEA concluded that "reproduction was the population attribute most sensitive to damage from
chronic irradiation and also the attribute of greatest significance in the ecological context."

The wildlife no-observable-effect levels (NOEL) for nonradiological contaminants (DOE
1992) are given in Table 2-2. These NOELs are based upon the human reference dose with
correction for uncertainty and species change from human to wildlife. The application of this value is
to the amount of contaminated food stuff consumed each day. Typical transfer coefficients used in
the risk assessments are provided in Appendix D.

To evaluate the toxicity of a chemical to the Great Basin pocket mouse, intake values for a
given contaminant were compared with the NOEL. Toxicity information for terrestrial organisms
relied on animal studies that support.the Integrated Risk Information System (IRIS) (EPA 1993) and
the Health Effect Assessment Summary Table (HEAST) (EPA 1992) databases, and on the U.S. Fish
and Wildlife Service Studies (e.g., Eisler 1985). As a screening tool, NOEL and LOEL presented in
the IRIS or when absent in the HEAST database (EPA 1992) were used for mammals. Uncertainty
factors were applied to the animal toxicity data to correct for differences between species, to modify
LOEL values to NOEL, and adjust data obtained through short-term studies to that which would be
expected in long-term studies. LD. values were adjusted with uncertainty factors to obtain an
estimated NOEL. The factors used to modify toxicity values included; (1) short-term (<30 days)
(Newell et al 1987) effect levels were multiplied by 0.1 to estimate chronic, long-term effects, (2)
LOEL were converted to NOELs by multiplying the effect concentration by 0.2 (Newell et al. 1987),
(3) oral LD. values were converted to acute NOEL values by multiplying the effect concentration
0.2., and (4) interspecies adjustments were made by multiplying the effect concentration by 0.1
(Newell et al. 1987). For species of different phylogenetic classes (e.g., mamtnal to bird), 0.05 was
used as the uncertainty factor. The NOELs for the indicator species were provided in specific tables
in DOE (1992).

Intake of contaminants by the Great Basin pocket mouse was estimated using intake
parameters obtained from either published literature or derived from EPA formulas (EPA 1988a).
Intake of contaminants in vegetation was estimated using an equation adapted from EPA's Human
Health Evaluation Manual (1989a).

2.3.2.3 Ecological Risk Characterization. The risk to the Great Basin Pocket Mouse was estimated
by developing an environmental hazard quotient (EHQ), The EHQ was based on a comparison
between identified dose_ benchmarks and calculated animal dose.

2.3.2.3.1 Risk Estimation. The likelihood of an adverse effect exists in the case of
radiological contamination for the pocket mouse exceeding a I rad/day benchmark. Non-radiological
contamination available toxicity data was also evaluated. The relationship between the benchmark for
radionuclides or toxicity data for non-radiological chemicals was expressed as an EHQ. The EHQ is
defined as the ratio of the contaminant dose to some benchmark dose/concentration, i.e., DOE Order,
NOEL.

Organism's Dose
EHQ = --------------- ---

Benchmark Dose

The EHQ ratio is used to assess the potential adverse effect to an individual. For example, an
EHQ that approaches or exceeds unity would strongly indicate an adverse effect to an individual. For
chemicals such as arsenic, the NOEL was used to assess risk. The EHQ at or above 1 would indicate
a potential measurable risk.
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2.3.2.3.2 Risk Description. This section suminaries risk assessment for each waste site along
with risk drivers.

The ecological significance of the QRA is limited since the purpose of the QRA is to assess
risk at a waste site. A summary of the risk assessment, for those waste sites with known
contaminants and concentrations, is provided. The risk-driving contaminants are described in the
summary. Any further interpretation of results for a waste site goes beyond the original purpose of
the QRA.
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Phase 1 of Contaminant Identification Process:
Screening Against Background

I Substance in a Specific Environmental Medium I

I Validated Sampling Data I

Compare to Hanford Site
Background Control Distributions

Maximum-detected concentration
Hanford Site back round controlis outside tolerance interval of g

background control distribution? distributions are not available

Yes j No

Substance is a contaminant Substance is not a contaminant

I

Substance is essentially non-toxic under
typical environmental exposure scenarios

(e.g., Al, Ca, Fe, Mg, K, Na)

Yes I I No

Maximum-detected Conduct preliminary
concentration poses a risk-based acreening

potential ecotoxicological ( Phase 2)
hazard? ( Based on best
professional judgement)

Yes No

Substance is a contaminant Eliminate substance fromof potential concem for further considerationenvironmental evaluation

923 E007/448 24/7-1 9-9 3

Figure 2-2. Overview of Contaminant Identification Process: Phase 1.
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Table 2-1. The Hanford Site Wide Background Summary Statistics and

Upper Threshold Limits (UTLs) for Inorganic Analytes. (Sheet 1 of 2)

Analyte 95%
Distribution°

(mg(kg)

95%
UTLb

(mg/kg)

Aluminum 13,800 15,600

Antimony NR 15.7`

Arsenic 7.59 8.92

Barium • 153 171

Beryllium 1.62 1.77

Cadmium MR 0.66°

Calcium 20,410 23,920

Chromium 23.4 27.9

Cobalt 17.9 19.6

Copper 25.3 28.2

Iron 36,000 39,160

Lead 12.46 14.75

Magnesium 7,970 8,760

Manganese 562 612

Mercury 0.614 1.25

Molybdenum NR 1.4c

Nickel 22.4 25.3

Potassium 2,660 3,120

Selenium NR Sc

Silver 1.4 2.7

Sodium 963 1,290

Thallium NR 3.7`

Titanium 3,020 3,570

Vanadium 98.2 111

Zinc 73.3 79

Zirconium 47.3 57.3
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Table 2-1. The Hanford Site Wide Background Summary Statistics and
Upper Threshold Limits (UTLs) for Inorganic Analytes. (Sheet 2 of 2)

Analyte 95%
Distribution°

(mg1kg)

95%
UTLb

(mg/kg)

Ammonia 15.3 28.2

Alkalinity 13,400 23,300

Chloride 303 763

Fluoride 6.4 12

Lithium 35 37.1

Nitrate 96.4 199

Nitrite NR 21`

Ortho-phosphate 3.7 16

Silicon 108 192

Sulfate 580 1,320

Source: DOE-RL 1993b
Notes:
NR = Not reported
' 95th percentile of the data for a lognormal distribution
6 95% confidence limit of the 95th percentile of the data distribution
` Limit of detection
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Table 2-2. Estimated Wildlife NOEL.

Chemical Adjusted Wildlife NOEL
(mg/kg-day)

Arsenic 0.00008

Barium 0.02

Beryllium 0.05

Chromium 0.20

Manganese 0.01

Lead 0.000069

Vanadium 0.07

Zinc 0.20

Benzo(a)pyrene NA

NA - Not Available.
Source: DOE 1992
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Table 2-3. Threatened, Endangered, and Candidate Birds of the Hanford Site
That May Occur in the Vicinity of the 100-H Area.

Common Name Latin Name Federal Status State Status

bald eagle° Haliaeetus leucocephalus threatened threatened

peregrine falconb Falco peregrinus endangered endangered

American white pelican° Pelecanus erythrorhynchos - endangered

sandhill crane Grus canadensis - endangered

ferruginous hawk° Buteo regalis candidate threatened

loggerhead shrike° Lanius ludoaicianus candidate candidate

sage grouseb•` Centrocercus urophasianus candidate candidate

common loon' Gavia immer - candidate

northern goshawk` Accipiter gentilis - candidate

Swainson's hawk° Buteo swainsoni candidate-3 candidate

golden eagle° Aquila chrysaetos - candidate

flammulated owl` Otus flammeolus - candidate

burrowing owl` Athene cunicularia - candidate

sage thrasher` Oreoscoptes montanus - candidate

sage sparrow' Amphispiza belli - candidate

long-billed curlew' Numenius americanus candidate-3 -

° Observed during 100 Area surveys (Sackschewsky and Landeen 1992).
b Accidental occurrence, not likely to be found on the area.
` 100 Area contains suitable habitat for this species.
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Table 2-4. Mammals of the Hanford Site Associated with the Riparian
Zone of the Columbia River. (Sheet 1 of 2).

Family Common Name Latin Name Abundance Habitat Association

Soricidae vagrant shrew Sorex vagrans uncommon riparian

Vespertilionidae pallid bat Antrozous pallidus common -
summer

buildings

little brown myotis Myotis lucifugus common -
summer

buildings

Yuma myotis Myotis yumanensis common -
summer

buildings

western big-eared bat Plecotis townsendii unknown buildings

Leporidae black-tailed jackrabbita Lepus californicus common shrublands/grasslands

Nuttall's cottontaila Sylvflagus nuttallii common buildings

Sciuridae Townsend ground
squirrel

Spermophilus
townsendii

common shrublands/grasslands

Geomyidae northern pocket gophera aThomomys talpoides common shrublands/grasslands

Heteromyidae Great Basin pocket
mousea

Perognathus parvus common shrublands/grasslands

Castoridae beavera Castor canadensis common river/riparian

Cricetidae western harvest mouse Reithrodontomys

rnegalotis
rare shrublands/riparian

deer mouse Peromyscus
maniculatus

common entire site

northern grasshopper
mouse

Onychomys leucogaster rare riparian

bushy-tailed wood rata Neotoma cinerea common entire site

montane vole Microtus montanus rare riparian

sagebrush vole Lagurus curtatus rare shrublands

muskrata Ondatra zibethica rare river/riparian

Muridae Norway rat Rattus norvegicus common buildings

house mouse Mus musculus common buildings/riparian

Erethizontidae porcupinea Erithizon dorsatum uncommon entire site

Canidae coyotea Canis latrans uncommon entire site

Procyonidae racoon Procyon lotor uncommon riparian

2T-4a



WHC-SD-EN-RA-004, Rev. 0

Table 2-4. Mammals of the Hanford Site Associated with the Riparian
Zone of the Columbia River. (Sheet 2 of 2).

Family Common Name Latin Name Abundance Habitat Association

Mustelidae mink Mustela vison rare river/riparian

long-tailed weasel Mustela frenata uncommon riparian

short-tailed weasel Mustela erminea rare riparian

otter Lutra canadensis rare river/riparian

badgera Taxidea tasus uncommon entire site

striped skunk Mephitis mephitis uncommon riparian

Felidae bobcat Lynx rufus rare entire site

Cervidae mule deera Odocoileus hemionus common entire site

white-tailed deer Odocroileus virginianus rare riparian

aMammals observed by Sackschewsky and Landeen (1992).
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Table 2-5. General Soil-to-Plant Transfer Coefficients Used for Constituents
of Potential Concern.

Contaminant Plant/Soil Transfer Coefficient Reference

Americium 241 1.0E-02 Coughtrey et aL 1985

Carbon 14 5.5 Whicker and Schultz 1982

Cobalt 60 0.5 Coughtrey et aL 1985

Cesium 134 2.5E-01 Coughtrey et at 1985

Cesium 137 0.6 Miller et at 1977

Europium 152 0.001 Coughtrey et at 1985

Europium 154 0.001 Coughtrey et at 1985

Europium 155 0.001 Coughtrey et at 1985

Tritium 4.8 Whicker and Schultz 1982

Nicke163 0.1 Coughtrey et at 1985

Plutonium 238 7.0E-02 Coughtrey et at 1985

Plutonium 239 7.OE-02 Coughtrey et aL 1985

Radium 226 0.1 Coughtrey et aL 1983 and 1985

Strontium 90 19 Rouston and Cataldo 1978

Thorium 228 1.0E-04 Whicker and Schultz 1982

Uranium 234 1 Whicker and Schultz 1982

Uranium 235 1 Whicker and Schultz 1982

Uranium 238 1 Whicker and Schultz 1982

Antimony 0.1 Coughtrey et at 1983 and 1985

Barium 0.15 DOE 1992

Benzo(a)pyrene 0.013 DOE 1992

Chromium 0.0075 DOE 1992

Chrysene 0.022 DOE 1992

Lead 0.045 DOE 1992

Mercury 0.9 DOE 1992

Pentachlorophenol 0.046 DOE 1992

Zinc 1.5 DOE 1992
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3.0 HIGH-PRIORITY WASTE SITE QUALITATIVE RISK ASSESSMENT

Historical information used in this section was obtained from the 100-HR-1 operable
unit work plan (DOE-RL 1992b) unless otherwise referenced. The concentrations and
inventories of selected radionuclides presented in this section may not be inclusive of all
potential radionuclides in the samples because of the limited data sets reported in the
radiological characterization of the 100-HR-1 operable unit performed by Dorian and
Richards (1978). In addition, limited data are available from historical information for the
characterization of non-radioactive inorganic and organic constituents that may be present
in the waste sites.

3.1 116-H-1 TRENCH

3.1.1 Historical Data for the 116-H-1 Trench

The 116-H-1 trench is located directly south of the 116-H-7 retention basin, in the
southeast comer of the 100-HR-1 operable unit, and measures 60 m x 7.5 m x 4.6 m(200 x
25 x 15 ft) deep (see Figure 1-3). From 1952 to 1965, the trench served as an emergency
disposal crib for process effluents contaminated by fuel element ruptures. After 1954, the
trench was inactivated and in 1965 sludge from the 116-H-7 retention basin was disposed
of in this unit. The unit was originally covered to grade with 1.9 m(5 ft) of soil. A
radiological inventory (Dorian and Richards 1978) has identified tritium, cobalt-60,
strontium-90, cesium-134, cesium-137, europium-152, europium-154, europium-155, uranium,
plutonium-238, plutonium-239, and plutonium-240. The isotopes of uranium were not
specified. Approximately 90 kg (200 lb) of sodium dichromate were disposed of in the
116-H-1 trench. Historical data are presented in Appendix A.

3.1.2 LFI Data for the 116-H-1 Trench

The LFI data collected for the 116-H-1 trench consists of one borehole drilled into
the trench with six sQil samples collected beginning at 3 m(10 ft) below the ground surface
to a depth of 7.3 m (24 ft) (see Figure 2-1). Borehole logs indicate approximately 14 ft of
sandy gravel fill currently overlies the trench. This is an additional 9 ft of fill than was
originally present. The samples were analyzed for radionuclides, PCBs, pesticides, TAL,
and TCL analytes. In addition, five split tubes and five archive samples were collected from
0 to 7.6 m(0 - 25 ft) depth. All sample depths indicated are the top of the sampling
interval. The borehole logs for the LFI data for this site indicate that radiation is less than
detectable at ground surface to the bottom of the fill at approximately 4.3 m (14 ft), then
detectable between 4.3 and 5.8 m(14 and 19 ft).

Laboratory results identified radionuclides, inorganic and organic compounds. All
sample data are evaluated for use in the preliminary screening process. Alpha
spectrometry data (americium-241, carbon-14, uranium-235 and plutonium-239/240) are
rejected by validation due to missing documentation on calibration information. These
data are evaluated in the preliminary screening.
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3.1.3 Data Summary for the 116-H-1 Trench

The maximum concentrations of the historical radionuclide data reported at or

above 4.6 m (15 ft) decayed to 1992 and the LFI data are summarized in Table 3-1a. The

data have been compared and the maximum concentration from either historical data,

decayed to 1992, or LFI data for any detected parameter is used in the QRA for current

exposures. The maximum concentration is also decayed to 2018 for evaluation of future

exposures.

The historical data are compared to the LFI data with the following items noted:

• Historical or LFI data are either not reported (the laboratory did not
analyze for a particular compound), were not reported above the
detection limits, or were not reported above 4.6 m(15 ft) for carbon-
14, sodium-22, thorium-232 or uranium-235. These parameters are,
therefore, not evaluated in the QRA for this waste site.

• Cesium-134, europium-155, plutonium-238 and tritium are reported as
detects in the historical data, but are reported below detection or not
analyzed for in the LFI data. The historical data are used in the
QRA.

• Americium-241, potassium-40, radium-226, technetium-99, and
thorium-228 are either not reported or not detected in the historical
data. The LFI data are used in the QRA.

• The inorganic and organic LFI data are evaluated in the QRA because
no historical data exist for these parameters. The organic and
inorganic parameters which were not reported at or above 4.6 m (15
ft) in the LFI are not evaluated in the QRA. However, the impact to
groundwater for the contaminants below 4.6 m(15 ft) is evaluated in
Section 3.1.6.

Aluminum, calcium, iron, magnesium, potassium and sodium are
eliminated from consideration in the QRA based on evaluation as
recommended in HSBRAM (DOE-RL 1993a).

Lead, benzo(a)anthracene, benzo(b), and (k)fluoranthene, chrysene,
dibenzofuran, indeno(1,2,3-CD)pyrene, and phenanthrene lack
toxicity data for risk calculation. Lead concentrations do not exceed
the EPA soil cleanup guidelines of 500-1,000 mg/kg.

3.1.4 Qualitative Risk Assessment for the 116-H-1 Disposal Trench - Human Health

This section presents a summary of the parameters identified in the soil at this waste
site, the screening of contaminants for evaluation in the QRA, the contaminants of
potential concern, the exposure and toxicity assessment and the risk characterization for the
116-H-1 trench.
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3.1.4.1 Identification of Contaminants of Potential Concern. The maximum
concentrations of inorganic parameters presented in Table 3-1a are compared to Hanford
Site background concentrations, as discussed in Section •2.2. Barium, cobalt, chromium,
copper, manganese, nickel, vanadium and zinc concentrations are lower than the
background concentrations and are eliminated from further evaluation in the QRA. The
remaining inorganic, all organic, and radionuclide parameters that have been identified in
Table 3-la are carried through the preliminary risk-based screening.

Radibnuclides that exceed screening criteria are indicated by shading in Table 3-lb
while inorganic and organic constituents that exceed screening criteria are indicated by
shading on Table 3-1c. Those parameters exceeding the screening criteria are considered
contaminants of potential concern for the 116-H-1 trench and are further evaluated in the
QRA for both human health and environmental receptors.

Due to the large quantities of sodium dichromate released at this and other waste
". . i sites in the 100-HR-1 operable unit it might be expected that chromium concentrations be

significantly elevated at these waste sites. The fact that chromium is not universally
detected is probably due to the fact that sodium dichromate dissociates in water to release
the free chromium anion. The mobility of this species in the subsurface environment and
the large volumes of water released at many waste sites in 100-HR-1 is a likely reason that

,4, chromium was infrequently detected in the sampling programs.

3.1.4.2 Exposure Assessment The exposure assessment is conducted as described in
Section 2.3. The estimated intakes of contaminants of potential concern for the frequent-
and occasional-use scenarios are presented in Appendix E. Intakes are provided for both
noncarcinogenic and carcinogenic effects. Specific intakes are not presented if there are no
slope factors (SFs) or chronic reference doses (RfDs) available to evaluate a contaminant of
potential concern.

3.1.4.3 Toxicity Assessment. The toxicity assessment is conducted as described in Section
2.3. The toxicity values and supporting information for both noncarcinogenic and
carcinogenic substances carried through the risk assessment are summarized in Tables B-1
and B-2 in Appendix B. A brief discussion of the primary toxic effects for each contaminant
of potential concern is also provided in Appendix B.

3.1.4.4 Risk Characterization. The risk characterization is based upon information from
the exposure assessment and toxicity assessment. It forms the basis for characterization of
risks and human health hazards from potential exposures to contaminants of potential
concern detected at the 116-H-1 trench. The risk characterization is conducted as described
in Section 2.3. Calculated ICRs, HQs, and HIs are compared to an ICR of 1E-06 and an HI
of 1 for the 116-H-1 trench. All ICRs exceeding 1E-06 and all HQs exceeding unity, are
highlighted in Tables 3-1d, 3-le, and 3-1f.

3.1.4.5 Risk Characterization Uncertainty Analysis. The risks presented in this risk
characterization are considered qualitative and estimated with multiple assumptions made
about sampling, data quality, exposures, toxicity and other variables.

Generally, it is preferred that like data (all of known quality, EPA methods and
validated) be used when identifying contaminants and concentrations for risk assessment.
The LFI data for the 116-H-1 trench site are of known quality, are analyzed using EPA
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methods and are validated prior to use. However, the validated data have been reviewed
and some rejected or estimated data have been included in the QRA. For instance, J
(estimated values) are used and R (rejected values) are used if the reason for rejection is
missing calibration sheets. None of the LFI radionuclide data used for the 116-H-1 trench
QRA were rejected due to missing calibration sheets.

The historical data and LFI data, as presented in Table 3-1a, indicate differences. The
LFI soil sampling data identifies contaminants that are greater than 3 m (10 ft) or more
below ground surface (BGS). Borehole logs documenting drilling activities indicate no
detectable radiation above background in the top 14 ft of the borehole. Contrary to this,
the historical data reports higher radionuclide concentrations, decayed to 1992,
approximately 0.6 m (2 ft) BGS where the LFI survey indicated no radiation above
background. This is probably due to differing depths of fill material at present than existed
when the historical data were collected.

The contaminants and concentrations identified in the LFI data are not necessarily
representative of the upper 4.6 m(15 ft) of soil. The concentrations of the contaminants
identified may be under or overestimated since only one borehole was drilled for sampling.
"Hot spots" may be present in the 116-H-1 trench that were not sampled. The possibility
exists that contaminants may be present other than those identified.

The risks estimated in this QRA are based on the maximum concentrations detected
in the LFI and historical data above 4.6 m(15 ft). For soil levels based on human exposure
via direct contact, the Washington Administrative Code requires the assumption that a
reasonable estimate of the depth of soil that could be excavated and distributed at the
ground surface as a result of site development activities (e.g., building a basement) is from
the ground surface to 4.6 m(15 ft) below the ground surface [WAC 173-340-740 (6)(c)].
This assumption may overestimate current risks because institutional control prevents
intrusion at the waste site.

Historical data for chemical (non-radiological) constituents are not available, and as
such, no comparisons between the two are made. The LFI data have been used for all
inorganic and organic parameters in the QRA.

The underlying assumptions regarding exposure are that contaminants of potential
concern are readily accessible for receptor contact via external exposure, ingestion, and
inhalation. The 116-H-1 trench is reported to be filled with gravel and exposure to the
contaminants that are currently buried to a depth• of 3 to 4.6 m(10 to 15 ft) BGS would
require extensive excavation. The risks of exposure, should contact with the contamination
be reached, would be as estimated for this QRA. A primary uncertainty, however, is what
contaminants may be present in the overlying gravel which exists today. Based on LFI
survey data, radionuclides are not present above field detection levels until 4.3 m (14 ft).
However, the presence of inorganics or organics in the overlying gravel is unknown.

The frequent- and occasional-use exposure scenarios that have been evaluated for the
purposes of this QRA using 1992 concentrations do not currently occur at the site.
Therefore, the QRA risk numbers do not represent actual risks and are an overestimate for
the current conditions at the site.
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3.1.4.6 Qualitative Discussion of the Threat Posed by the 116-H-1 Trench. The estimated

risks in 1992 and 2018 are summarized in the following paragraphs.

The total estimated risks in 1992, as shown in Tables 3-ld and 3-1f, are as follows:

Radionuclides:

For the frequent-use scenario, the estimated risk is >1E-02 and is mainly
attributable to cesium-137, cobalt-60, europium-152, and europium-154 via the
external pathway.

For the occasional-use scenario, the estimated risk is 5E-04 and is mainly
attributable to cesium-137 and europium-152 via the external pathway.

Non-radioactive contaminants:

^' • For the frequent- and occasional-use scenarios, the estimated risks are 1E-04
(HI = 2) and 2E-06 (HI =0.03), respectively, mainly attributable to arsenic via
the soil ingestion pathway.

The total estimated risk from radionuclides in 2018 for the frequent-use scenario, as
shown in Table 3-le, is >1E-02 and is mainly attributable to cesium-137 and europium-152
via the external pathway.

The total estimated risks for the 116-H-1 waste site are based primarily on the
historical data collected from the site. The degree of confidence is high for the types of
contaminants present at the site. The risk estimates are based on the maximum detected
concentrations. The confidence in the representativeness of the contaminant
concentrations and the estimated risks is medium, because most of the risk-producing data
used are historical data. The risks are based on scenarios that represent high-frequency use
of the waste site and low-frequency use of the site but not actual risks under current
conditions.

The external pathway is associated with the highest risk estimate at this waste site.
The assumptions used in evaluating the external pathway are very conservative, as
discussed in Appendix F. Consequently, the risk for external exposure may be an
overestimate at this waste site.

The.current occasional-use scenario is also evaluated for the external radiation
exposure pathway while accounting for the shielding effect of soil. The methods and
results of this evaluation are provided in Appendix F. At 116-H-1, the risk-driving
contaminants are found primarily in the upper 6 ft of soil. Therefore, the external exposure
risk can be calculated to exceed 1E-06 under the current occasional-use scenario. This
conclusion is not supported by radiological survey data, which indicates surface radiation
levels are not elevated above background. Additional fill may have been added since the
historical data were collected, which could account for this discrepancy.

Based on the QRA, the threat posed by radionuclides in 1992 at 116-H-1 would be
high under the frequent-use scenario and medium under the occasional-use scenario. The
threat posed by radionuclides under the frequent-use scenario in 2018 would be high. The
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threat posed by radionuclides under the frequent-use scenario in 2018 would be high. The threat
posed by non-radioactive contaminants would be medium under the frequent-use scenario and low
under the occasional-use scenario.

3.1.5 Qualitative Risk Assessment for the 116-H-1 Trench - Ecological Evaluation

The total dose to the Great Basin Pocket Mouse from radionuclides present in the soil of the
116-H-1 trench is shown in Tables 3-lg and 3-1h. The total dose from the 0-6 ft soil interval is
1.5 rad/day of which over 99% is attributable to strontium-90. Arsenic and benzo(a)pyrene were
also measured in the 6-15 ft soil interval. The daily dose from arsenic and benzo(a)pyrene is 0.48
and 0.0034 mg/kg/day.

The radiological dose for waste site 116-H-1 is above the 1 rad/day benchmark and arsenic
exceeds the wildlife NOEL. Benzo(a)pyrene is a cancer producing chemical and no NOEL can be
derived.

3.2 THE 116-H-2 TRENCH

3.2.1 Historical Data for the 116-H-2 Trench

The 116-H-2 trench is situated outside the H reactor building security fence in the far
southwestern corner of the 100-HR-I operable unit (see Figure 1-3). The trench measures 82.5 in
x 30 in x 1.8 in deep (275 x 100 x 6 ft deep). Decontamination wastes generated during reactor
shutdown and standby periods were disposed of in this unit. Wastes were collected in the 132-H-3
pump station sumps and pumped to the 116-H-2 trench. The trench was utilized from 1953, and
after its retirement in 1965, was covered to grade with soil. Dorian and Richards (1978) detected
tritium, cobalt-60, strontium-90, cesium-134, cesium-137, europium-152, europium-154, europium-
155, uranium-235, uranium-238, plutonium-239 and plutonium-240. Approximately 600 kg (1,300
lb) of sodium dichromate were disposed of in the 116-H-2 trench. Historical data are provided in
Appendix A.

3.2.2 LFI Data for the 116-H-2 Trench

The LFI data collected for the 116-H-2 trench consist of one borehole drilled into the trench
to a depth of 5.2 m(17 ft) with two samples collected beginning at 3 m ( 10 ft) below ground
surface to a depth of 4.6 m ( 15 ft) (see Figure 2-1). Samples were analyzed for radionuclides,
PCBs, pesticides, TAL and TCL analytes. Three soil samples [1.5, 3.0 and 4.5 m (5, 10 and 15
ft)] were archived. All sample depths indicated are the top depth of the sampling range. The
borehole logs for the LFI data for this site indicate that radiation is less than detectable (using field
instruments) throughout the borehole.

Laboratory results identified radionuclides and inorganic constituents. All sample data are
evaluated for use in the preliminary screening process.

3-6



WHC-SD-EN-RA-004, Rev. 0

3.2.3 Data Summary for the 116-H-2 Trench

The maximum concentrations of the historical radionuclide data reported at or above 4.6 in
(15 ft), decayed to 1992, and the LFI data are summarized in Table 3-2a. The data have been
compared and the maximum concentration from either, historical data, decayed to 1992, or LFI data
for any detected parameter is used in the QRA for current exposures. The maximum concentration
is also decayed to 2018 for evaluation of future exposures.

The historical data are compared to the LFI data with the following items noted:

• Except for uranium, no radionuclides were analyzed in both historical and LFI
data.

• Historical data are either not reported (the laboratory did not analyze for a
particular compound), or were not reported above the detection limits, for
potassium-40, radium-226, thorium-228, and thorium-232. The LFI data are

__ evaluated in the QRA for this waste site.

^= • Cesium-134, cesium-137, cobalt-60, europium-152, europium-154, europitun-155,
plutonium-239/240, strontium-90 and tritium are reported as detects in the historical

-}' data, but are reported below detection or not analyzed for in the LFI data. The
historical data are used in the QRA. '

• Aluminum, calcium, iron, magnesium, potassium and sodium are eliminated from
consideration in the QRA based on evaluation as recommended in HSBRAM (DOE-
RL 1993a).

3.2.4 Qualitative Risk Assessment for the 116-H-2 Trench - Human Health

This section presents a summary of the parameters identified in the soil at this waste site, the
screening of cotitaminants for evaluation in the QRA, the contaminants of potential concern, the
exposure and toxicity assessment and the risk characterization for the 116-H-2 trench.

3.2.4.1 Identification of Contaminants of Potential Concern. The maximum concentrations of
inorganic parameters presented in Table 3-2a are compared to Hanford Site background
concentrations, as discussed in Section 2.2. Barium, cobalt, chromium, copper, lead, manganese,
nickel, vanadium and zinc concentrations are lower than the background concentrations and are
eliminated from further evaluation in the QRA. Radionuclide parameters that have been identified
in Table 3-2a are carried through the preliminary risk-based screening.

Radionuclides that exceed screening criteria are indicated by^shading in Table 3-2b. Those
parameters exceeding the screening criteria are considered contaminants of potential concern for the
116-H-2 trench and are further evaluated in the QRA for both human health and environmental
receptors.

Due to the large quantities of sodium dichromate released at this and other waste sites in the
100-HR-1 operable unit it might be expected that chromium concentrations be significantly elevated
at these waste sites. The fact that chromium is not universally detected is probably due to the fact
that sodium dichromate dissociates in water to release the free chromium anion. The mobility of
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this species in the subsurface environment and the large volumes of water released at many waste
sites in 100-HR-1 is a likely reason that chromium was infrequently detected in the sampling
programs.

3.2.4.2 Exposure Assessment. The exposure assessment is conducted as described in Section
2.3. The estimated intakes of contaminants of potential concern for the frequent- and.occasional-
use scenarios are presented in Appendix E. Specific intakes are not presented if there are no slope
factors (SFs) available to evaluate a contaminant of potential concern.

3.2.4.3 Toxicity Assessment. The toxicity assessment is conducted as described in Section 2.3.
The toxicity values and supporting information for both noncarcinogenic and carcinogenic
substances carried through the risk assessment are summarized in Tables B-1 and B-2 in Appendix
B. 'A brief discussion of the primary toxic effects for each contaminant of potential concern is also
provided in Appendix B.

3.2.4.4 Risk Characterization. The risk characterization is based upon information from the
exposure assessment and toxicity assessment: It forms the basis for characterization of risks and
human health hazards from potential exposures to contaminants of potential concern detected at the
116-H-2 trench. The risk characterization is conducted as described in Section 2.3. Calculated
ICRs are compared to an ICR of 1E-06 for the 116-H-2 trench. All ICRs exceeding 1E-06 are
highlighted in Tables 3-2c and 3-2d.

3.2.4.5 Risk Characterization Uncertainty Analysis. The risks presented in this risk
characterization are considered qualitative and estimated with multiple assumptions made about
sampling, data quality, exposures, toxicity and other variables.

Generally, it is preferred that like data (all of known quality, EPA methods and validated) be
used when identifying contaminants and concentrations for risk assessment. The LFI data for the
116-H-2 trench site are of known quality, are analyzed using EPA methods and are validated prior
to use. However, the validated data have been reviewed and some rejected or estimated data have
been included in the QRA. For instance, J (estimated values) are used and R (rejected values) are
used if the reason for rejection is missing calibration sheets. None of the LFI radionuclide data
used for the 116-H-2 trench QRA were rejected due to missing calibration sheets.

The historical data and LFI data, as presented in Table 3-2a, indicate differences. The
historical soil sampling data identifies contaminants that are from 0.3 to 3 m(1 to 10 ft) below
ground surface (BGS). Borehole logs documenting drilling activities in 1992 indicate no detectable
radiation above background throughout the borehole. The LFI data reports detectable radionuclide
concentrations, at 3 and 4.6 m(10 and 15 ft) BGS where the LFI survey indicated no radiation
above background. These discrepancies may be due to differing depths of fill material at present
than existed when the historical data was collected, and to interference by background radiation
during the borehole surveys.

The contaminants and concentrations identified in the LFI data are not necessarily
representative of the upper 4.6 m(15 ft) of soil. The concentrations of the contaminants identified
may be under or overestimated since only one borehole was drilled for sampling. "Hot spots" may
be present in the 116-H-2 trench that were not sampled. The possibility exists that contaminants
may be present other than those identified.
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The risks estimated in this QRA are based on the maximum concentrations detected in the
LFI and historical data set above 4.6 m(15 ft). For soil levels based on human exposure via direct
contact, the Washington Administrative Code requires the assumption that a reasonable estimate of
the depth of soil that could be excavated and.distributed at the ground surface as a result of site
development activities (e.g., building a basement) is from the ground surface to 4.6 m(15 ft)
below the ground surface {WAC 173-340-740 (6)(c)]. This assumption may overestimate current
risks because institutional controls prevent intrusion at the waste site.

The underlying assumptions regarding exposure are that contaminants of potential concern
are readily accessible for receptor contact via external exposure, soil ingestion, and inhalation. At
the 116-H-2 trench, contaminants are reported in the historical data at 0.3 m (1 ft) BGS. It is
possible that additional fill has been added since the historical data were collected, in which case
risk-driving contaminants would occur today at greater depth. The risks of exposure, should
contact with the contamination be reached, would be as estimated for this QRA. A second
uncertainty is what contaminants may be present in the overlying gravel which exists today. Based
on LFI survey data, radionuclides are not present above field detection levels to a depth of 5.2 in
(17 ft). However, the presence of inorganics or organics in the overlying gravel is unknown.

The frequent- and occasional-use exposure scenarios that have been evaluated for the
purposes of this QRA using 1992 concentrations do not currently occur at the site. Therefore, the
QRA risk numbers do not represent actual riiks and are an overestimate for the current conditions
at the site.

3.2.4.6 Qualitative Discussion of the Threat Posed by the 116-H-2 Trench. The estimated
risks in 1992 and 2018 are summarized in the following paragraphs.

The total estimated risks in 1992, as shown in Table 3-2c, are as follows:

Radionuclides:

For the frequent-use scenario, the estimated risk is 5E-03 and is mainly attributable
to cesium-137, and europium-152 via the external pathway.

For the occasional-use scenario, the estimated risk is 3E-05 and is mainly
attributable to cesium-137 and europium-152 via the external pathway.

The total estimated risk from radionuclides in 2018 for the frequent-use scenario, as shown
in Table 3-2d, is 2E-03 and is mainly attributable to cesium-137 via the external pathway.

The total estimated risks for the 116-H-2 waste site are based primarily on the historical data
collected from the site. Because most of the risk-producing data available are historical data, the
degree of confidence is medium for the types of contaminants present at the site even though LFI
data exists. The risk estimates are based on the maximum detected concentrations. The confidence
in the representativeness of the contaminant concentrations and the estimated risks is also medium.
The risks are based on scenarios that represent high frequency use of the waste site and low
frequency use of the site but not actual risks under current conditions.
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The external pathway is associated with the highest risk estimate at this waste site. The
assumptions used in evaluating the external pathway are very conservative, as discussed in
Appendix F. Consequently, the risk for external exposure may be an overestimate at this waste
site.

The current occasional-use scenario is also evaluated for the external radiation exposure
pathway while accounting for the shielding effect of soil. The methods and results of this
evaluation are provided in Appendix F. At 116-H-2, the risk-driving contaminants are found
primarily in the upper 6 ft of soil. Therefore, the external exposure risk can be calculated to
exceed 1E-06 under the current occasional-use scenario. This conclusion is supported by .
radiological survey data which indicates surface radiation levels elevated above background.

Based on the QRA, the threat posed by radionuclides in 1992 at 116-H-2 would be medium
under the frequent-use scenario and low under the occasional-use scenario. The threat posed by
radionuclides under the frequent-use scenario in 2018 would be medium.

3.2.5 Qualitative Risk Assessment for the 116-H-2 Trench - Ecological Evaluation

The total dose to the Great Basin Pocket Mouse from radionuclides present in soil of the
116-H-2 trench is shown in Tables 3-2e and 3-2f. The total dose for the 0-6 and 0-15 ft. soil
intervals is 4.1 rad/day all of which is attributable to strontium-90. Non-radiological constituents
are not identified as being present for this waste site.

The radiological dose is above the 1 rad/day benchmark for the Great Basin Pocket Mouse.

3.3 THE 116-H-3 FRENCH DRAIN

3.3.1 Historical Data for the 116-H-3 French Drain

The 116-H-3 french drain is situated within the H reactor building security fence directly
east of the H reactor (see Figure 1-3). The drain is 0.9 m(3 ft) in diameter and 4.6 m (15 ft) deep
and is constructed of vitreous tile conduit. Decontamination wastes generated during
decontamination of fuel element spacers were disposed of in this unit. The trench was utilized
from 1950 to 1965, and is presently covered to grade with soil. Dorian and Richards (1978)
detected tritium, cobalt-60, strontium-90, cesium-137, europium-152, europium-154, europium-
155, and plutonium-239. Approximately 2,000 kg (4,400 ]b) of sodium dichromate were disposed
of in the 116-H-3 drain. Historical data are provided'in Appendix'A.

3.3.2 LFI Data for the 116-H-3 French Drain

The LFI data collected for the 116-H-3 french drain consist of one borehole drilled into the
drain to a depth of 7 m(22 ft) with two split soil samples collected beginning at 3 m (10 ft) below
ground surface to a depth of 7 m(22 ft) (see Figure 2-1). Samples were analyzed for
radionuclides, PCBs, pesticides, TAL and TCL analytes. Four soil samples [1.5 to 7 m(5 to 20
ft)] were archived. All sample depths indicated are the top depth of the sampling range. The
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borehole logs for the LFI data for this site indicate that radiation is less than detectable (using field
instruments) throughout the borehole.

Laboratory results identified radionuclides, inorganic and organic constituents. All sample
data are evaluated for use in the preliminary screening process.

3.3.3 Data Summary for the 116-11-3 French Drain

The maximum concentrations of the historical radionuclide data reported at or above 4.6 in
(15 ft), decayed to 1992, and the LFI data are summarized in Table 3-3a. The data have been
compared and the maximum concentration from either historical data, decayed to 1992 or LFI data
for any detected parameter is used in the QRA for current exposures. The maximum concentration
is also decayed to 2018 for evaluation of future exposures.

The historical data are compared to the LFI data with the following items noted:

• Historical or LFI data are either not reported (the laboratory did not analyze for a
particular compound), were not reported above the detection limits, or were not
reported above 4.6 m(15 ft) for radium-226, and uranium 233/234. The LFI data
are evaluated in the QRA for this waste site.

• Cesium-137, europium-154, europium-155, plutonium-239/240, strontium-90 and
tritium are reported as detects in the historical data, but are reported below
detection or not analyzed for in the LFI data. The historical data are used in the
QRA.

• The organic and inorganic parameters which were not reported at or above 4.6 m
(15 ft) in the LFI are not evaluated in the QRA.

• Aluminum, calcium, iron, magnesium, potassium and sodium are eliminated from
consideration in the QRA based on evaluation as recommended in HSBRAM (DOE-
RL 1993a).

3.3.4 Qualitative Risk Assessment for the,116-H-3 French Drain - Human Health

This section presents a summary of the parameters identified in the soil at this waste site, the
screening of contaminants for evaluation in the QRA, the contaminants of potential concern, the
exposure and toxicity assessment and the risk characterization for the 116-H-3 french drain.

3.3.4.1 Identification of Contaminants of Potential Concern. The maximum concentrations of
inorganic parameters presented in Table 3-3a are compared to Hanford Site background
concentrations, as discussed in Section 2.2. Barium, cobalt, chromium, copper, manganese,
nickel, vanadium and zinc concentrations are lower than the background concentrations and are
eliminated from further evaluation in the QRA. Radionuclide parameters that have been identified
in Table 3-3a are carried through the preliminary risk-based screening.
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Radionuclides that exceed screening criteria are indicated by shading in Table 3-3b. Those
parameters exceeding the screening criteria are considered contaminants of potential concern for the
116-H-3 french drain and are further evaluated in the QRA for both human health and
environmental receptors.

Due to the large quantities of sodium dichromate released at this and other waste sites in the
100-HR-1 operable unit it might be expected•that chromium concentrations be significantly elevated
at these waste sites. The fact that chromium is not universally detected is probably due to the fact
that sodium dichromate dissociates in water to release the free chromium anion. The mobility of
this species in the subsurface environment and the large volumes of water. released at many waste
sites in 100-HR-1 is a likely reason that chromium was infrequently detected in the sampling
programs.

3.3.4.2 Exposure Assessment. The exposure assessment is conducted as described in Section
2.3. The estimated intakes of contaminants of potential concern for the frequent- and occasional-
use scenarios are presented in Appendix E. Specific intakes are not presented if there are no slope
factors (SFs) available to evaluate a contaminant of potential concern.

3.3.4.3 Toxicity Assessment. The toxicity assessment is conducted as described in Section 2.3.
;^• The toxicity values and supporting information for both noncarcinogenic and carcinogenic

substances carried through the risk assessment are summarized in Tables B-1 and B-2 in Appendix
B. A brief discussion of the primary toxic effects for each contaminant of potential concern is also
provided in Appendix B.

3.3.4.4 Risk Characterization. The risk characterization is based upon information from the
exposure assessment and toxicity assessment. It forms the basis for characterization of risks and
human health hazards from potential exposures to contaminants of potential concern detected at the
116-H-3 french drain. The riskcharacterization is conducted as described in Section 2.3.
Calculated ICRs are compared to an ICR of 1E-06 for the 116-H-3 french drain. All ICRs
exceeding 1E-06 are highlighted in Tables 3-3c and 3-3d.

3.3.4.5 Risk Characterization Uncertainty Analysis. The risks presented in this risk
characterization are considered qualitative and estimated with multiple assumptions made about
sampling, data quality, exposures, toxicity and other variables.

Generally, it is preferred that like data (all of knowit quality, EPA methods and validated) be
used when identifying contaminants and concentrations for risk assessment. The LFI data for the
116-H-3 french drain site are of known quality, are analyzed using EPA methods and are validated
prior to use. However, the validated data have been .reviewed and some rejected or estimated data
have been included in the QRA. For instance, J (estimated values) are used and R (rejected values)
are used if the reason for rejection is missing calibration sheets. None of the LFI radionuclide data
used for the 116-H-3 french drain QRA were rejected due to missing calibration sheets.

The historical data and LFI data, as presented in Table 3-3a, indicate differences. The
historical soil sampling data identifies contaminants that are at 1.2 and 4.6 (4 and 15 ft) below
ground surface (BGS). Borehole logs documenting drilling activities in 1992 indicate no detectable
radiation above background throughout the borehole. The LFI data reports detectable radionuclide
concentrations, at 4.6 and 6 m(15 and 20 ft) BGS where the LFI survey indicated no radiation
above background. These discrepancies may be due to differing depths of fill material at present
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than existed when the historical data was collected, and to interference by background radiation
during the borehole surveys.

The contaminants and concentrations identified in the LFI data are not necessarily
representative of the upper 4.6 m(15 ft) of soil. The concentrations of the contaminants identified
may be under or overestimated since only one borehole was drilled for sampling. "Hot spots" may
be present in the 116-H-3 french drain that were not sampled. The possibility exists that
contaminants may be present other than those identified.

The risks estimated in this QRA are based on the maximum concentrations detected in the
LFI and historical data above 4.6 m(15 ft). For soil levels based on human exposure via direct
contact, the Washington Administrative Code requires the assumption that a reasonable estimate of
the depth of soil that could be excavated and distributed at the ground surface as a result of site
development activities (e.g., building a basement) is from the ground surface to 4.6 m(15 ft)
below the ground surface [WAC 173-340-740 (6)(c)]. This assumption may overestimate current
risks because institutional controls prevent intrusion at the waste site.

The underlying assumptions regarding. exposure are that contaminants of potential concern
are readily accessible for receptor contact via external exposure, soil ingestion, and inhalation. At
the 116-H-3 french drain contaminants are reported in the historical data at 1.2 m (4 ft) BGS. It is
possible that additional fill has been added since the historical data were collected, in which case
risk-driving contaminants detected at 1.2 m (4 ft) would currently occur at greater depth. The
risks of exposure, should contact with the contamination be reached, would be as estimated for this
QRA. A second uncertainty is what contaminants may be present in the overlying gravel which
exists today. Based on LFI survey data, radionuclides are not currently present above field
detection levels in the top 4.6 m(15 ft) of soil. However, the presence of inorganics or organics
in the overlying gravel is unknown.

The frequent- and occasional-use exposure scenarios that have been evaluated for the
purposes of this QRA using 1992 concentrations do not currently occur at the site. Therefore, the
QRA risk numbers do not represent actual risks and are an overestimate for the current conditions
at the site.

3.3.4.6 Qualitative Discussion of the Threat Posed by the 116-H-3 French Drain. The
estimated risks in 1992 and 2018 are summa'rized in the following paragraphs.

The total estimated risks in 1992, as shown in Table 3-3c, are as follows:

Radionuclides:

For the frequent-use scenario, the estimated risk is > 1E-02 and is mainly
attributable to cesium-137, cobalt-60, and europium-152 via the external pathway.

For the occasional-use scenario, the estimated risk is 8E-05 and is mainly
attributable to cesium-137, cobalt-60, and europium-152 via the external pathway.

The total estimated risk from radionuclides in 2018 for the frequent-use scenario, as shown
in Table 3-3d, is 5E-03 and is mainly attributable to cesium-137 via the external pathway.
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The total estimated risks for the 116-H-3 waste site are based primarily on the historical data
collected from the site. Because some of the risk-producing data available are historical data, the
degree of confidence is medium to high for the types of contaminants present at the site even
though LFI data exist. The risk estimates are based on the maximum detected concentrations. The
confidence in the representativeness of the contaminant concentrations and the estimated risks is
medium. The risks are based on scenarios that represent high-frequency use of the waste site and
low-frequency use of the site but not actual risks under current conditions.

The external pathway is associated with the highest risk estimate at this waste site. The
assumptions used in evaluating the external pathway are very conservative, as discussed in
Appendix F. Consequently, the risk for external exposure may be an overestimate at this waste
site.

The current occasional-use scenario is also evaluated for the external radiation exposure
pathway while accounting for the shielding effect of soil. The methods and results of this
evaluation are provided in Appendix F. At 116-H-3, the risk-driving contaminants are found
primarily in the upper 6 ft of soil. Therefore, the external exposure risk can be calculated to
exceed 1E-06 under the current occasional-use scenario. Radiological survey data do not indicate
surface radiation levels elevated above background. This contradiction could be due to partial
shielding by surface soils, masking by background radiation, and non-uniform contaminant

•w^= distribution.
^Y.., .

Based on the QRA, the threat posed by radionuclides in 1992 at 116-H-3 would be high
under the frequent-use scenario and low under the occasional-use scenario. The threat posed by
radionuclides under the frequent-use scenario in 2018 would be medium.

3.3.5 Qualitative Risk Assessment for the 116-H-3 French Drain - Ecological Evaluation

The total dose to the Great Basin Pocket Mouse from radionuclides present in soil at the
116-H-3 drain is shown in Table 3-3e and 3-3f for the 0-15 and 0-6 ft. soil interval, respectively.
The total dose is 0.00032 and 0.0000083 rad/day for the 0-15 and 0-6 ft. soil intervals,
respectively. Below the 6 ft. soil interval, all of dose is attributable to strontium-90. Above 6 ft.
the dose is from Cs-137. No other constituents are identified in the waste site.

The radiological dose for both soil intervals is below the 1 rad/day benchmark.

3.4 THE 116-H-7 RETENTION BASIN

3.4.1 Historical Data for the 116-H-7 Retention Basin

The 116-H-7 retention basin is located in the southeast corner of the 100-HR-1 operable unit
and measures 180 in x 83 in x 6 m(600 ft x 273 ft x 20 ft) deep and would have held
approximately 95 million L (25 million gal) (see Figure 1-3). The basin has been backfilled to a
depth of about 1.2 m(4 ft) above the floor ahd slopes to the top of the walls. This double-celled
concrete lined basin received process effluents from the H reactor and retained cooling water
effluent to allow for radioactive decay and cooling. The effluent was then discharged directly to
the Columbia River. Decontamination wastes from the H reactor building drains were also pumped
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to this basin by the 132-H-3 pumping station. The ba'sin was active from 1945 to 1965. Sludge
and waste from this basin were removed in 1953 and 1965. The material removed in 1953 was
placed in the adjacent 116-H-7 sludge burial trench. Some of the sludge was removed in 1965 and
deposited in 116-H-1 trench. The walls of retention basin were demolished and are now covered
with soil.

In 1975, inventory of the basin samples (Dorian and Richards 1978) measured approximately
91 Ci with the sludge contributing approximately 60 Ci, the soil fill 18 Ci, and the concrete
approximately 13 Ci. Results of the sludge analyses identified cobalt-60, cesium-134, cesium-137,
europium-152, europium-154, europium-155, tritium, plutonium-238, plutonium-239/240,
strontium-90 and uranium. Carbon-14 was not detected. Non-radiological chemical inventories
have not been conducted. However, chromium (from sodium dichromate) has been identified by
inventory in the 116-H-1 trench. Since the 116-H-i trench received sludge material from the 116-
H-7 retention basin, it is assumed that chromium is also present in the 116-H-7 retention basin.
Historical data are presented in Appendix A.

3.4.2 LFI Data for the 116-H-7 Retention'Basin

The LFI data collected for the 116-H-7 retention basin consists of one borehole drilled into
the trench with five split soil samples collected beginning at 0.3 m (1 ft) below the ground surface
to a depth of 6 m (20 ft) (see Figure 2-1). Borehole logs indicate approximately 1.8 m (6 ft) of
sandy gravel fill currently overlie a concrete layer, presumably the basin floor. The samples were
analyzed for radionuclides, PCBs, pesticides, TAL, and TCL analytes. In addition, three archive
samples were collected from below 4.6 m (15 ft). All sample depths indicated are the top of the
sampling interval. The borehole logs for the LFI data for this site indicate that radiation is less
than detectable at ground surface to a depth of approximately 1.5 m (5 ft) then detectable from 1.5
m (5 ft) to 4.6 m(15 ft) with a maximum of 1100 cpm at approximately 4 m (13 ft).

Laboratory results identified radionuclides, inorganic and organic compounds. All sample
data are evaluated for use in the preliminary screening process.

3.4.3 Data Summary for the 116-H-7 Retention Basin

The maximum concentrations of the historical radionuclide data reported at or above 4.6 m
(15 ft), decayed to 1992, and the LFI data are summarized in Table 3-4a. The data have been
compared and the maximum concentration from either historical data, decayed to 1992, or LFI data
for any detected parameter is used in the QRA for current exposures. The maximum concentration
is also decayed to 2018 for evaluation of future exposures.

The historical data are compared to the LFI data with the following items noted:

Cesium-134, europium-155, plutonium-238 and tritium are reported as detects in
the historical data, but are reported below detection or not analyzed for in the LFI
data. The historical data are used in the QRA.

Americium-241, carbon-14, potassium-40, radium-226, technetium-99,
thorium-228, thorium-232, uranium-235, uranium-238, and zirconium-95 are either
not reported or not detected in the historical data. The LFI data are used in the
QRA.
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The inorganic and organic LFI data are evaluated in the QRA because no historical
data exist for these parameters.

Aluminum, calcium, iron, magnesium; potassium and sodium are eliminated from
consideration in the QRA based on evaluation as recommended in HSBRAM (DOE-
RL.1993a).

Lead lacks toxicity data for risk calculation. Lead concentrations do not exceed the
EPA soil cleanup guideline of 500-1,000 mg/kg.

3.4.4 Qualitative Risk Assessment for the 116-H-7 Retention Basin - Human Health

This section presents a summary of the parameters identified in the soil at this waste site, the
screening of contaminants for evaluation in the QRA, the contaminants of potential concern, the
exposure and toxicity assessment and the risk characterization for the 116-H-7 retention basin.

M_~E- 3.4.4.1 Identification of Contaminants of Potential Concern. The maximum concentrations of
inorganic parameters presented in Table 3-4a are compared to Hanford Site background
concentrations, as discussed in Section 2.2. Barium, cobalt, copper, manganese, mercury, nickel,
and vanadium concentrations are lower than the background concentrations and are eliminated from

= w further evaluation in, the QRA. The remaining inorganic, all organic, and radionuclide parameters
that have been identified in Table 3-4a are carried through the preliminary risk-based screening.

Radionuclides that exceed screening criteria are indicated by shading on Table 3-4b while
inorganic and organic constituents that exceed screening criteria are indicated by shading on Table
3-4c. Those parameters exceeding the screening criteria are considered contaminants of potential
concern for the 116-H-7 retention basin and are further evaluated in the QRA for both human
health and environmental receptors.

3.4.4.2 Exposure Assessment. The exposure assessment is conducted as described in Section
2.3. The estimated intakes of contaminants of potential concern for the frequent- and occasional-
use scenarios are presented in Appendix E. Intakes are provided for both noncarcinogenic and
carcinogenic effects. Specific intakes are not presented if there are no slope factors (SFs) or
chronic reference doses (RfDs) available to evaluate a contaminant of potential concern.

3.4.4.3 Toxicity Assessment. The toxicity assessmeht is conducted as described in Section 2.3.
The toxicity values and supporting information for both noncarcinogenic and carcinogenic
substances carried through the risk assessment are summarized in Tables B-1 and B-2 in Appendix
B. A brief discu'ssion of the primary toxic effects for each contaminant of potential concern is also
provided in Appendix B.

3.4.4.4 Risk Characterization. The risk characterization is based upon information from the
exposure assessment and toxicity assessment. It forms the basis for characterization of risks and
human health hazards from potential exposures to contaminants of potential concern detected at the
116-H-7 retention basin. The risk characterization is conducted as described in Section 2.3.
Calculated ICRs, HQs, and His are compared to an ICR of 1E-06 and an HQ or HI of 1. All
ICRs exceeding IE-06 and all HQs.or HIs exceeding unity, are highlighted in Tables 3-4d, 3-4e,
and 3-4f.
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3.4.4.5 Risk Characterization Uncertainty Analysis. The risks presented in this risk
characterization are considered qualitative and estimated'with multiple assumptions made about
sampling, data quality, exposures, toxicity and other variables.

Generally, it is preferred that like data (all of known quality, EPA methods and validated) be
used when identifying contaminants and concentrations for risk assessment. The LFI data for the
116-H-7 retention basin site are of known quality, are analyzed using EPA methods and are
validated prior to use. However, the validated data have been reviewed and some rejected or
estimated data have been included in the QRA. For instance, J (estimated values) are used and R
(rejected values) are used if the reason for rejection is missing calibration sheets. None of the LFI
radionuclide data used for the 116-H-7 retention basin QRA were rejected due to missing
calibration sheets.

The historical data and LFI data, as presented in Table 3-4a, indicate differences. The LFI
"• soil sampling data identifies contaminants throughout the length of the borehole from 0.3 m(1 ft)
~i below ground surface (BGS) to 6 m(20 ft) BGS. Borehole logs documenting drilling activities

indicate detectable radiation above background between 1.5 m(5 ft) and 4.6 m(20 ft) BGS. The
historical data reports higher radionuclide concentrations, decayed to 1992 from 1 m(3 ft) to 1.5 in
(5 ft) BGS where the LFI survey indicated no radiation above background. This is may be due to
differing depths of fill material at present than existed when the historical data were collected or to
the fact that data from a single borehole may not be representative of sitewide conditions.

The historical data associates elevated levels of radionuclides primarily with sludge
remaining in the basin. There is no evidence that sludge has been removed from the basin since
the historical data were collected. Thus, the'historical data are used to characterize risk in this
QRA.

The contaminants and concentrations identified in the LFI data are not necessarily
representative of the upper 4.6 m(15 ft) of soil. The concentrations of the contaminants identified
may be under or overestimated since only one borehole was drilled for sampling. "Hot spots" may
be present in the 116-H-7 retention basin that were not sampled. The possibility exists that
contaminants may be present other than those identified.

The risks estimated in this QRA are based on the maximum concentrations detected in the
LFI and historical data above 4.6 m(15 ft). For soil levels based on human exposure via direct
contact, the Washington Administrative Code requires the assumption that a reasonable estimate of
the depth of soil that could be excavated and distributed at the ground surface as a result of site
development activities ( e.g., building a basement) is from the ground surface to 4.6 m(15 ft)
below the ground surface [WAC 173-340-740 (6)(c)]. This assumption may overestimate current
risks because institutional controls prevent intrusion at the waste site.

Historical data for chemical (non-radiological) constituents are not available, and as such, no
comparisons between the two are made. The LFI data have been used for all inorganic and organic
parameters in the QRA.

The underlying assumptions regarding exposure are that contaminants of potential concern
are readily accessible for receptor contact via external exposure, soil ingestion, and inhalation.
The 116-H-7 retention basin is reported to be filled with gravel with a concrete layer.at 1.8 m(6
ft). Exposure to contaminants that are 1 to L.5 m(3 to 5 ft) or more BGS would require some
excavation. The risks of exposure, should contact with the contamination be reached, would be as
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estimated for this QRA. A primary uncertainty, however, is what contaminants may be present in
the overlying gravel fill which exists today. Based on LFI survey data, radionuclides are not
currently present above field detection levels.in the upper 1.5 m(5 ft) of soil. However, the
presence of inorganics or organics in the overlying gravel is unknown.

The frequent- and occasional-use exposure scenarios that have been evaluated for the
purposes of this QRA using 1992 concentrations do not currently occur at the site. Therefore, the
QRA risk numbers do not represent actual risks and are an overestimate for the current conditions
at the site.

3.4.4.6 Qualitative Discussion of the Threat Posed by the 116-H-7 Retention Basin. The
estimated risks in 1992 and 2018 are summarized in the following paragraphs.

The total estimated risks in 1992, as shown in Tables 3-4d and 3-4f, are as follows:

Radionuclides:

For the frequent-use scenario, the estimated risk is > 1E-02 and is mainly
attributable to cesium-137, cobalt-60, europium-152, and europium-154 via the
external pathway.

For the occasional-use scenario, the estimated risk is > 1E-02 and is mainly
attributable to cobalt-60, europium-152, and europium-154 via the external
pathway.

Non-radioactive contaminants:

For the frequent- and occasional-use scenarios, the estimated risks are 1E-04 (HI =
2) and 2E-06 (HI =0.04), respectively, mainly attributable to arsenic via the soil
ingestion pathway.

The total estimated risk from radionuclides in 2018 for the frequent-use scenario, as shown
in Table 3-4e, is > 1E-02 and is mainly attributable to cesium-137, cobalt-60, europium-152, and
europium-154 via the external pathway.

The total estimated risks for the 116-H-7 retention basin are based primarily on the historical
data collected from the site. The degree of confidence is high for the types of contaminants present
at the site. The risk estimates are based on the maximum detected concentrations. The confidence
in the representativeness of the contaminant concentrations and the estimated risks is low. The
risks are based on scenarios that represent high-frequency use of the waste site and low-frequency
use of the site but not actual risks under current conditions.

The external pathway is associated with the highest risk estimate at this waste site. The
assumptions used in evaluating the external pathway are very conservative, as discussed in
Appendix F. Consequently, the risk for external exposure may be an overestimate at this waste
site.

The current occasional use scenario is also evaluated for the external radiation exposure
pathway while accounting for the shielding effect of soil. The methods and results of this
evaluation are provided in Appendix F. At the 116-H-7 retention basin, the risk-driving
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contaminants are found primarily in the upper 1.8 m(6 ft) of soil. Therefore, the external
exposure risk can be calculated to exceed 1E-06 for occasional-use of the site in 1992. This
conclusion is supported by radiological survey data which indicates surface radiation levels elevated
above background.

Based on the QRA, the threat posed by radionuclides in 1992 at the 116-H-7 retention basin
would be high under the frequent-use scenario and high under the occasiorial-use scenario as well.
The threat posed by radionuclides under the frequent-use scenario in 2018 would also be high. The
threat posed by non-radioactive contaminants would be medium under the frequent-use scenario and
low under the occasional-use scenario.

3.4.5 Qualitative Risk Assessment for the 116-H-7 Retention Basin - Ecological Evaluation

The total dose to the Great Basin Pocket Mouse from radionuclides present in soil at the
J 116-H-7 retention basin is shown in Tables 3-4g. The total dose is 20 rad/day for both the 0-6 and

6-15 ft. soil intervals, of which 99% of the dose is attributable to strontium. The daily dose from
arsenic, chromium, lead, and zinc is 1.17 0.13, 15 and 77 mg/kg/day, respectively. Arsenic and

t lead are from the 0-6 ft. soil interval.

The radiological dose is above the 1 rad/day benchmark and the dose from arsenic and lead
and zinc is above the NOEL for the Great Basin Pocket Mouse.

3.5 THE 116-H-9 CRIB

3.5.1 Historical Data for the 116-H-9 Crib

The 116-H-9 crib is a disposal cubicle with dimensions of approximately 3 in x 3 m x 3 in
deep (10 ft x 10 ft x 10 ft deep). It is located directly outside the security fence to the west of the
H reactor building (see Figure 1-3). From 1960 to 1965 the crib received drainage from the 132-
H-2 building seal pits. The radioactive effluents that drained to this crib had short half-lives, and
the crib was released from radiological controls prior to 1967. The unit received approximately
300,000 L(79,500 gallons) of waste. The crib was sampled by Dorian and Richards (1978) and
no contamination was detected above background levels. Currently, the site is Filled with gravel
and covered to grade with clean soil.

3.5.2 LFI Data for the 116-H-9 Crib

The LFI data collected for the I16-H-9 drainage crib consists of one borehole drilled into the
crib with three soil samples collected beginning at 1 m (3 ft) below the ground surface to a depth
of 7.3 m (22 ft) (see Figure 2-1). In addition, 3 split tube samples and six archive soil samples
were also collected beginning at a depth of I m(3 ft).. All sample depths indicated are the top
depth of the sampling interval. The borehol8 logs for the LFI data for this site indicate that
radiation is less than detectable throughout the borehole.
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Laboratory results identified radionuclides and inorganic parameters. All sample data are
evaluated for use in the preliminary screening process.

3.5.3 Data Summary for the 116-H-9 Crib

No historical data were available for comparison to the LFI data. The maximum
concentrations of the LFI data are summarized in Table 3-5a and used in the QRA.

The following items are noted for the LFI data:

Cesium-137 is eliminated from consideration in the QRA as it was only detected
below 4.6 in (15 ft).

All organic compounds are reported below the detection limit and are not presented
in Table 3-5a. Concentrations of inorganic constituents generally decreased with
depth, the maximum concentrations were always associated with the shallowest
sample depth, 1 m(3 fq.

Aluminum, calcium, iron, magnesium, potassium and sodium are eliminated from
consideration in the QRA based on evaluation as recommended in HSBRAM (DOE-
RL 1993a).

3.5.4 Qualitative Risk Assessment for the 116-H-9 Crib - Human Health

This section presents a summary of the parameters identified in the soil at this waste site, the
screening of contaminants for evaluation in the QRA, the potential contaminants of concern, the
exposure and toxicity assessment and the risk characterization for the 116-H-9 crib.

3.5.4.1 Identification of Contaminants of Potential Concern. The maximum concentrations of
inorganic parameters presented in Table 3-5a are compared to Hanford Site background
concentrations, as discussed in Section 2.2. Lead is detected in concentrations lower than the
background concentration and is eliminated from further evaluation in the QRA. The remaining
inorganic and radionuclide parameters that have been identified in Table 3-5a are carried through
the preliminary risk-based screening.

Radionuclides that exceed screening criteria are indicated by shading on Table 3-5b while
inorganic constituents that exceed screening criteria are indicated by shading on Table 3-5c. Those
parameters exceeding the screening criteria are considered contaminants of potential concern for the
116-H-9 crib and are evaluated further in the QRA for both human health and environmental
receptors.

3.5.4.2 Exposure Assessment. The exposure assessment is conducted as described in
Section 2.3. The estimated intakes of contaminants of potential concern for the frequent- and
occasional-use scenarios are presented in Appendix E. Intakes are provided for both
noncarcinogenic and carcinogenic effects. Specific intakes are not presented if there are no slope
factors (SFs) or chronic reference doses (RfDs) available to evaluate a contaminant of potential
concern.
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3.5.4.3 Toxicity Assessment. The toxicity assessment is conducted as described in Section 2.3.
The toxicity values and• supporting information for both noncarcinogenic and carcinogenic

substances carried through the risk assessment are summarized in Tables B-1 and B-2 in Appendix
B. A brief discussion of the primary toxic effects for each contaminant of potential concern is also
provided in.Appendix B.

3.5.4.4 Risk Characterization. The risk characterizatioh is based upon information from the
exposure assessment and toxicity assessment. It forms the basis for characterization of risks and
humah health hazards from potential exposures to contaminants of potential concern detected at the
116-H-9 crib. The risk characterization is conducted as described in Section 2.3. Calculated
ICRs, HQs, and His are compared to an ICR of 1E-06 and an HQ or HI of 1 for the 116-H-1
trench. All ICRs exceeding 1E-06 and all HQs or His exceeding unity, are highlighted in Tables
3-5d, 3-5e, and 3-5f.

3.5.4.5 Risk Characterization Uncertainty Analysis. The risks presented in this risk
characterization are considered qualitative and estimated with multiple assumptions made about
sampling, data quality, exposures, toxicity and other variables.

Generally, it is preferred that like data (all of known quality, EPA methods and validated) be
used when identifying contaminants and concentrations for risk assessment. The LFI data for the

i- ' 116-H-9 crib are of known quality, are analyzed using EPA methods and are validated prior to use.
However, the validated data have been reviewed and some rejected or estimated data have been
included in the QRA. For instance, J(estimated values) are used and R (rejected values) are used
if the reason for rejection is missing calibration sheets. None of the LFI radionuclide data used for
the 116-H-9 crib QRA was rejected due to missing calibration sheets.

The contaminants and concentrations identified in the LFI data are not necessarily
representative of the upper 4.6 m(15 ft) of soil. The concentrations of the contaminants identified
may be under or overestimated since only one borehole was drilled for sampling. "Hot spots" may
be present in the 116-H-9 crib that were not Sampled. However, due to the small size of the waste
site this source of uncertainty is not considered of great import for the 116-H-9 crib.

The risks estimated in this QRA are based on the maximum concentrations detected in the
LFI and historical data above 4.6 m(15 ft). For soil levels based on human exposure via direct
contact, the Washington Administration Code requires the assumption that a reasonable estimate of
the depth of soil that could be excavated and distributed at the ground surface as a result of site
development activities (e.g., building a basement) is from the ground surface to 4.6 m(15 ft)
below the ground surface [WAC 173-340-740 (6)(c)]. This assumption may overestimate current
risks because institutional controls prevent intrusion at the waste site.

Beryllium, chromium, cobalt, copper, nickel, vanadium and zinc, were not evaluated in the
preliminary risk-based screening or for potential exposures via the fugitive dust inhalation pathway
because RfDs are not available. However, beryllium and chromium were both evaluated for
carcinogenic effects. Carcinogenic effects are generally associated with lower exposures.

Hexavalent chromium has been identified as a key contaminant for potential risk factors at
this location. It should be noted that the concentrations used for determining this risk are based on
total chromium analyses and it is likely that a major part of the chromium that is quantified and
used in the QRA is trivalent chromium. The chromium in the sodium dichromate compound used
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at this waste site is hexavalent chromium. Hexavalent chromium is considered unstable in most
soils and is reduced to the less toxic trivalent chromium.

The underlying assumptions regarding exposure are that contaminants of potential concern
are readily accessible for receptor contact via external exposure, soil ingestion, and inhalation.
The 116-H-9 crib is reported to be filled with gravel and covered to grade with soil. However,
maximum concentrations of some contaminants were detected in the overlying soil and gravel
which exists today. Contact with contaminants may be possible if access to the crib area occurs.

The frequent- and occasional-use exposure scenarios that have been evaluated for the
purposes of this QRA using 1992 concentrations do not currently occur at the site. Therefore, the
QRA risk numbers do not represent actual risks and are an overestimate for the current conditions
at the site.

3.5.4.6 Qualitative Discussion of the Threat Posed by the 116-H-9 Crib. The estimated risks
in 1992 and 2018 are summarized in the following paragraphs.

The total estimated risks in 1992, as shown in Tables 3-5d and 3-5f, are as follows:

Radionuclides:

For the frequent-use scenario, the estimated risk is 5E-04 and is mainly attributable
to potassium-40 and thorium-228 via the external pathway. I

For the occasional-use scenario, the estimated risk is 3E-06 and is mainly
attributable to potassium-40 and thorium-228 via the external pathway.

Non-radioactive contaminants:

For the frequent- and occasional-use scenarios, the estimated risks are 6E-05 (HI =
2.5) and 1E-06 (HI =0.21), respectively, mainly attributable to beryllium via the
soil ingestion pathway and chromium VI via the fugitive dust inhalation pathway.

The total estimated risk from radionuclides in 2018 for the frequent-use scenario, as shown
in Table 3-5e, is 3E-04 and is mainly attributable to potassium-40 and radium-226 via the external
pathway.

The total estimated risks for the 116-H-9 crib waste site are based on the LFI data collected
from the site. The degree of confidence is high for the types of contaminants present at the site.
The risk estimates are based on the maximum detected concentrations. The confidence in the
representativeness of the contaminant concentrations and the estimated risks is also high. The risks
are based on scenarios that represent high-frequency use of the waste site and low-frequency use of
the site but not actual risks under current conditions.

The external pathway is associated with the highest risk estimate at this waste site. The
assumptions used in evaluating the external pathway are very conservative, as discussed in
Appendix F. Consequently, the risk for external exposure may be an overestimate at this waste
site. The ICR for this waste site includes risk attributable to potassium-40, a naturally occurring
radionuclide not associated with human activities. Potassium-40 contributes two-fifths of the risk
from radionuclides under the frequent-use scenario in 1992 and one-third of the risk under the
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occasional-use scenario. In 2018, potassium-40 will contribute two-thirds of the risk attributable to
radionuclides under the occasional-use scenario.

The current occasional-use scenario is•also evaluated for the external radiation exposure
pathway while accounting for the shielding effect of soil. The methods, and results of this
evaluation are provided in Appendix F. At 116-H-9, the risk-driving contaminants are found
primarily in the upper 6 ft of soil. Therefore, the external exposure risk can be calculated to
exceed 1E-06 under the occasional-use scenario in 1992. Radiological survey data does not
indicate surface radiation levels elevated above background. This is probably due to masking by
background radiation since potassium-40 is a major risk-driver at this site.

Based on the QRA, the threat posed by radionuclides in 1992 at 116-H-9 would be medium
under the frequent-use scenario and low under the occasional-use scenario. The threat posed by
radionuclides under the frequent-use scenario in 2018 would be medium. The threat posed by non-
radioactive contaminants would be medium under the frequent-use scenario and low under the
occasional-use scenario.

3.5.5 Qualitative Risk Assessment for the 116-H-9 Crib - Ecological Evaluation

The total dose rate to the Great Basin pocket mouse from radionuclides present in soil at the 116-
H-9 crib is shown in Tables 3-5h and 3-5g for the soil intervals of 0-6 and 0-15 ft, respectively.
The total dose rate (0.00023 rad/day) is below the EHQ of 1 rad/day for the Great Basin pocket
mouse and includes both soil intervals. The calculated daily doses to the pocket mouse for barium,
manganese, and vanadium (8.8, 67, and 0.19 mg/kg-day, respectively) are above the wildlife
NOELs of 0.02, 0.01, and 0.07 mg/kg-day.

3.6 PROCESS EFFLUENT PIPELINES '

3.6.1 Historical Data for the Process Effluent Pipelines

Process effluent pipelines emanate from the H reactor building and run to various process
effluent disposal and treatment facilities. Process effluent pipelines also run from the 116-H-7
retention basin both to the Columbia River and to the .116-H-1 trench (see Figure 1-3). The lines
are approximately 610 m(2,000 ft) long and 5.5 m(66 inches) in diameter, constructed of steel
pipe and are buried approximately 6 m (20 ft) below the land surface. They are still in place.
Portions of this transfer system lie beneath areas surrounded by security fences. Dorian and
Richards (1978) indicated that soil contamination from past effluent pipeline leakage in the 116-H-7
area appears to be minimal. No measurable contamination was detected with a Geiger-Miiller
probe in the soil adjacent to the 116-H-7 effluent lines and junction boxes (Dorian and Richards
1978).

Limited radiological sampling has been performed on the pipelines by Dorian and Richards
(1978). Two sets of historical data are presented in Table 3-6a, the maximum concentrations of
radionuclides in the soil column along the effluent pipelines and the maximum concentrations of
either the sludge from I 16-H-7 retention basin or the sludge from inside the distribution box.
Radionuclides detected in the soil/sludge sampling include cesium-134, cesium-137, cobalt-60,
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europium-152, europium-154, europium-155, nickel-63, plutonium-238, plutonium-239/240,
strontium-90, tritium, and uranium. Historical data are provided in Appendix A.

3.6.2 LFI Data for the Process Effluent Pipelines

No LFI data have been collected for this waste site and there are no analogous or related
sites that have been sampled.

3.6.3 Data Summary for the Process Effluent Pipelines

The historical data from the soil column along the pipelines and the sludge from the inlet
distribution box and 116-H-7 retention basin are used to perform the QRA. The maximum
concentrations of the historical data, reported at or above 4.6 m(15 ft), decayed to 1992 and 2018
are summarized in Table 3-6a. Data from the soil column along the pipelines represent potential
soil contamination from leaks that may have occurred along the pipelines while data from the
sludge samples are assumed to be representative of waste material contained within the pipelines.

The two sets of historical data are compared with the following items noted:

• Only selected radionuclides were analyzed in the historical data.

• Inorganics and organic compounds weie not analyzed.

• Cesium-134 and nickel-63 are not detected in the soil column data.

• Depths of soil column samples are not known, but it is assumed for the QRA that
the parameters are present above 4.6 m(15 ft).

3.6.4 Qualitative Risk Assessment for the Process Effluent Pipelines - Human Health

This section presents a summary of the parameters identified in the soil at this waste site, the
screening of contaminants for evaluation in the QRA, the contaminants of potential concern, the
exposure and toxicity assessments, and the risk characterization for the process effluent pipelines.

3.6.4.1 Identification of Contaminants of Potential Concern. The maximum concentrations of
radionuclides that have been identified in Table 3-6a are carried through the preliminary risk-based
screening. Results of the preliminary screening are summarized in Table 3-6b, radionuclides that
exceed the screening criteria are indicated by shading. Those parameters exceeding the screening
criteria are considered contaminants of potential concern for the process effluent pipelines and are
carried through the QRA process.

3.6.4.2 Exposure Assessment. The exposure assessment is conducted as described in Section
2.3. The estimated intakes of contaminants of potential concern for the frequent- and occasional-
use scenarios are presented in Appendix E. Intakes are provided for carcinogenic effects only.
Specific intakes are not presented if there are no slope factors (SFs) available to evaluate a
contaminant of potential concern.
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3.6.4.3 Toxicity Assessment. The toxicity assessment is conducted as described in
Section 2.3. The toxicity values and supporting information for radionuclides carried through the
risk assessment are summarized in Tables B-i and B-2 in Appendix B. A brief discussion of the
primary toxic effects for each contaminant of potential concern is also provided in Appendix B.

3.6.4.4 Risk Characterization. The risk characterization is based upon the information from the
exposure assessment and'toxicity assessment. It forms the basis for the characterization of risks
and human health hazards from potential exposures to contaminants of concern from the process
effluent pipelines. The risk characterization is conducted as described in Section 2.3. Calculated
ICRs are compared to an ICR of 1E-06. All ICRs exceeding 1E-06 are highlighted in Tables 3-6c
and 3-6d.

3.6.4.5 Risk Characterization Uncertainty Analysis. The risks presented in this risk
characterization are considered qualitative and estimated with multiple assumptions made about
sampling, data quality, exposures, toxicity and other variables.

tl^_ Generally, it is preferred that like data (all of known quality, EPA methods and validated) be
used when identifying the contaminants and concentrations for evaluation in the risk assessment.
LFI data for the process effluent pipelines are not available, and there are no analogous or related
sites sampled.

The risks estimated in this QRA are based on the maximum concentrations detected in the
historical data above 4.6 m(15 ft). For soil levels based on human exposure via direct contact, the
Washington Administrative Code requires the assumption that a reasonable estimate of the depth of
soil that could be excavated and distributed at the ground surface as a result of site development
activities (e.g., building a basement) is from the ground surface to 4.6 m (15 ft) below the ground
surface [WAC 173-340-740(6)(c)]. This assumption may overestimate current risks because
institutional controls prevent intrusion at the waste site.

The underlying assumptions regarding exposure are that contaminants of potential concern
are readily accessible for receptor contact via external exposure, soil ingestion, and inhalation.
The process effluent pipelines are reportedly buried under approximately 6 m (20 ft) of soil.
Exposure to contaminants within the pipelines would require extensive excavation as well as
opening of the pipeline itself. Potential exposures to process effluent pipeline leaks are evaluated
using soil column sampling data. Sampling depth was not reported. It was assumed that samples
were taken in the top 4.6 m(15 ft) of soil. *

The frequent- and occasional-use exposure scenarios that have been evaluated for the
purposes of this QRA do not currently occur at the site. Therefore, the QRA risk numbers do not
represent actual risks and are an overestimate of the risk under current conditions.

3.6.4.6 Qualitative Discussion of the Threat Posed by the Process Effluent Pipelines. The
estimated risks in 1992 and 2018 are summarized in the following paragraphs.

The total estimated risks in 1992, as shown in Table 3-6c, are as follows:

Soil column exposure:

For the frequent-use scenario, the estimated risk is 3E-05 and is mainly attributable
to cobalt-60, europium-152, and europium-154 via the external pathway.
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For the occasional-use scenario, the estimated risk is 2E-07.

Sludge exposure:

For the frequent-use scenario, the estimated risk is > 1E-02 and is mainly
attributable to cesium-137, cobalt-60, europium-152, and europium-154 via the
external pathway.

For the occasional-use scenario, the estimated risk is > 1E-02 and is mainly
attributable to cobalt-60 and europium-152 via the external pathway.

The total estimated risk from radionuclides in the soil column in 2018 for the frequent-use

scenario, as shown in Table 3-6c, is 6E-06 and is mainly attributable to europium-152 via the

external pathway. The total estimated risk from radionuclides in sludge in 2018 is > 1E-02 and is
mainly attributable to cesium-137, cobalt-60, europium-152, and europium-154 via the external
exposure pathway.

The total estimated risks for the process effluent pipelines from exposures to the soil column

are based on historical soil column samples collected from along the effluent lines between the inlet

and outlet of the 116-H-7 basin. The degree of confidence is medium for the type of contaminants
present at the site. The risk estimates are based on the maximum detected concentration. The
confidence in the representativeness of the concentration and the estimated risks is low. The risks

are based on scenarios that represent high frequency use of the waste site and low frequency use of
the waste site but not actual risks under current conditions.

Soil column data do not provide evidence that extensive leakage occurred in the 100-HR-1
operable unit process effluent pipelines. However, if leaks have occurred along the pipelines, data
from the 100-BC-1 operable unit process pipelines demonstrate a total estimated risk for the
frequent-use scenario of > 1E-02. This ICR is mainly attributable to cesium-137 and europium-
152 via the external pathway (WHC 1993b).

Exposure to sludge material within the distribution box is unlikely unless there is access to
the inside of the pipelines and accidental ingestion occurs. Also, since the sludge is contained
within the pipelines, the exposures associated with a fugitive dust pathway for both frequent- and
occasional-use scenarios is very unlikely.

The external pathway is associated with the highest risk estimates at this waste site. The
assumptions used in evaluating the external pathway are very conservative, as discussed in
Appendix F. Consequently, the risk from extetnal exposure may be over- estimated for this waste
site.

The current occasional-use scenario is also evaluated for the external radiation exposure
pathway while accounting for the shielding effect of soil. The methods and results of this
evaluation are provided in Appendix F. Radioactive contaminants associated with process effluent
pipeline sludge are not present within the upper 1.8 m(6 ft) of soil and so do not present exposure
risks under the occasional-use scenario in 1992. The depths of contaminants associated with the
soil column adjacent to the process effluent pipelines has not been established. There are no
radiological survey data specifically for the process effluent pipelines.
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Based on the QRA, the threat posed by radionuclides in 1992 at the process effluent

pipelines would be low for the soil source and high for the sludge source under the frequent-use
scenario. Under the occasional-use scenario in 1992, the threat would be very low for the soil
source and high for the sludge source. The threat posed by radionuclides under the frequent-use
scenario in 2018 would be low for the.soil source and high for the sludge source.

3.6.5 Qualitative Risk Assessment for the Process Effluent Pipelines - Ecological
Evaluation

The total dose to the Great Basin Pocket Mouse from radionuclides present in soil, from
maximum concentrations above 6 ft, is 0.0076 rad/day. Soil concentrations from 0-15 ft are
considered to be the same as the 0-6 ft values. In addition to the pipeline soil dose, the inlet
distribution box and basin fill sludge dose is 80 rad/day. No non-radiological contaminants are
identified for this site.

The radiological dose from the sludge exceeds the 1 rad/day benchmark.

3.7 116-H-7 SLUDGE BURIAL TRENCH

3.7.1 Historical Data for the 116-H-7 Sludge Burial Trench

The 116-H-7 sludge burial trench is located to the east of the 116-H-7 retention basin, along
the Columbia River in the southeast corner of the 100=HR-1 operable unit. The trench is not
enclosed by the H reactor security fence (see Figure 1-3). Sludge from the 116-H-7 retention basin
was removed in 1953 and 1965. The material removed in 1953 was placed in the 116-H-7 sludge
burial trench. The sludge removed in 1965 was deposited in the 116-H-1 trench. No significant
radioactive contamination was detected by Dorian and Richards (1978) in a boring sample at 4.6 in
(15 ft) below grade at the sludge burial trench. Radiological analysis identified europium-154,
europium-155 and strontium-90. Plutonium-238, plutonium-239/240, europium-152, cobalt-60,
cesium-134, cesium-137 and carbon-14 were analyzed for but not detected (Dorian and Richards,
1978). The sludge burial trench was removed from radiological controls in 1965. Historical data
are provided in Appendix A (sample C on Table A-la).

3.7.2 LFI Data for the 116-H-7 Sludge Burial Trench

LFI data for the 116-H-7 sludge burial trench have not been collected and there are no
analogous or related sites sampled. The 116-H-1 effluent disposal trench is not considered
analogous because, in addition to sludge from the 116-H-7 retention basin the trench also received
process effluents contaminated by fuel elemeitt ruptures.

3.7.3 Data Summary for the 116-H-7 Sludge Burial Trench

Only radionuclide data are available from the historical data. The QRA is conducted on the
maximum concentrations of radionuclides detected in the historical data, decayed to 1992 and 2018,
as summarized in Table 3-7a. The following items are noted:
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Historical data are reported for europium-154, europium-155, and strontium-90 at
depths at or above 4.6 m(15 ft).

Plutonium-238, plutonium-239/240, europium-152, cobalt-60, cesium-134, cesium-
137, and carbon-14, were analyzed but not detected in the historical data.

No inorganic and organic parameters are evaluated in the QRA because they are
not available from historical data.

3.7.4 Qualitative Risk Assessment for the 116-H-7 Sludge Burial Trench - Human Health

This section presents a summary of the parameters identified in the soil at this waste site, the
screening of contaminants for evaluation in the QRA, the potential contaminants of concern, the
exposure and toxicity assessments and the risk characterization for the 116-H-7 sludge burial

^.rf. trench.

3.7.4.1 Identification of Contaminants of Potential Concern. The radionuclide parameters that
have been identified in Table 3-7a are carried through the preliminary risk-based screening.
Results of the preliminary screening are summarized in Tables 3-7b. The radionuclides that exceed
screening criteria are indicated by shading in Table 3-7b.

Only europium-154 exceeds the screening criteria and is considered a contaminant of
potential concern for the 116-H-7 sludge burial trench. It is evaluated further in the QRA.

3.7.4.2 Exposure Assessment. The exposure assessment is conducted as described in Section
2.3. The estimated intakes of contaminants of potential concern for the frequent- and occasional-
use scenarios are presented in Appendix E. Intakes are provided for carcinogenic effects only.

3.7.4.3 Toxicity Assessment. The toxicity assessment is conducted as described in
Section 2.3. The toxicity values and supporting information for carcinogenic substances carried
through the risk assessment are summarized in Tables B-2 in Appendix B. A brief discussion of
the primary toxic effects for each contaminant of potential concern is also provided in Appendix B.

3.7.4.4 Risk Characterization. The risk characterization is based upon the information from the
exposure assessment and toxicity assessment. It forms the basis for the characterization of risks
and human health hazards from potential exposures to contaminants of potential concern detected at
the 116-H-7 sludge burial trench. The risk characterization is conducted as described in Section
2.3. Calculated ICRs are compared to an ICR of 1E-06 for the 116-H-7 disposal trench. All ICRs
exceeding IE-06 are highlighted in Tables 3-7c and 3-7d.

3.7.4.5 Risk Characterization Uncertainty Analysis. The risks presented in this risk
characterization are considered qualitative and estimated with multiple assumptions made about
sampling, data quality, exposures, toxicity and other variables.

The historical data, as presented in Table 3-7a indicate three radionuclides detected from one
sample collected at approximately 4.6 m(15 ft) below the surface. The sampling location for the
historical data was not determined. No analysis of soil at or above a 4.6 m(15 ft) depth is
available for organics or inorganics.
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The risks estimated in this QRA are based on the maximum concentrations detected in the
historical data above 4.6 m(15 ft). For soil levels based on human exposure via direct contact, the
Washington Administrative Code requires the assumption that a reasonable estimate of the depth of
soil that could be excavated and distributed at the ground surface as a result of site development
activities (e.g., building a basement) is from the ground surface to 4.6 m(15 ft) below the ground
surface [WAC 173-340-740(6)(c)]. This assumption may overestimate current risks because
institutional controls prevent intrusion at the waste site.

The underlying assumptions regarding exposure are that contaminants of potential concern
are readily accessible for receptor contact via external exposure, ingestion and inhalation. The
116-H-7 sludge burial trench is reported to be backfilled with soil and exposure to the contaminants
that are 4.6 m(15 ft).below the surface would require extensive excavation. The risks of
exposure, should contact with the contamination be reached, would be as estimated for this QRA.
A primary uncertainty, however, is what contaminants may be present in the overlying soil. Data
for contaminant concentrations above 4.6 m(15 ft) are not available.

The frequent- and occasional-use exposure scenarios that have been evaluated for the
purposes of this QRA using 1992 concentrations do not currently occur at the site. Therefore, the
QRA risk estimates do not represent actual risks and are an overestimate of the risk under current
conditions at the site.

3.7.4.6 Qualitative Discussion of the Threat Posed by the 116-H-7 Sludge Burial Trench. The
estimated risks in 1992 and 2018 are summarized in the following paragraphs.

The total estimated risks in 1992, as shown in Table 3-6c, are as follows:

Radionuclides:

For the frequent-use scenario, the estimated risk is 6E-06 and is attributable solely
to europium-154 via the external pathway.

For the occasional-use scenario, the estimated risk is 4E-08.

The total estimated risk from radionuclides in 2018 for the frequent-use scenario, as shown
in Table 3-6d, is 8E-07.

The estimated risks for the 116-H-7 sludge burial trench are based on historical data
collected from the site. Because the data are historical and from a single sample, the degree of
confidence is medium to low for the types of concentrations present at the site. The risk estimates
are based on the maximum detected concentrations. The confidence in the representativeness of
the concentration and the estimated risks is low. The risks are based on scenarios that represent
high-frequency use of the waste site and low-frequency use of the waste site but not actual risks
under current conditions.

The external pathway is associated with the highest risk estimates at this waste site. The
assumptions used in evaluating the external pathway are very conservative as discussed in
Appendix F. Consequently, the risk from external exposure may be over estimated for the waste
site.
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The current occasional-use scenario is also evaluated for the external radiation exposure
pathway while accounting for the shielding effect of soil. The methods and results of this
evaluation are provided in Appendix F. At the 116-H-7 sludge burial trench, the risk-driving
contaminants were detected below the upper 6 ft of soil: Therefore, the external exposure risk can
be calculated to be less than 1E-06 under the occasional-use scenario in 1992. There are no
radiological survey data specifically for the 116-H-7 sludge burial trench to indicate current surface
radiation levels.

Based on the QRA, the threat posed by radionuclides in 1992 at the 116-H-7 sludge burial
trench would.be low under the frequent-use scenario and very low under the occasional-use
scenario. The threat posed by radionuclides in 2018 under the frequent-use scenario would be very
low.

3.7.5 Qualitative Risk Assessment for the 116-H-7 Sludge Burial Trench - Ecological
Evaluation

The total dose to the Great Basin pocket mouse, from maximum concentrations in the soil
above 15 ft is 0.02 rad/day. The dose rate it below the EHQ of 1 rad/day benchmark for this site,
and no non-radiological contaminants exceeded their NOEL.

3.8 THE 116-H-5 OUTFALL STRUCTURE

3.8.1 Historical Data for the 116-H-5 Outfall Structure

The 1'16-H-5 outfall structure was a compartmented concrete box that overflowed to the
Columbia River via a concrete sluiceway. It is located directly to the north of the 116-H-7
retention basin and measures 113.4 in x 8.1 in x 4.2 m(378 x 27 x 14 ft) (see Figure 1-3). From
1949 to 1965, the outfall structure received treated process effluent from the 116-H-7 retention
basin, directing them to the Columbia River through either dual 152 cm (60 in) steel discharge
pipes or a basalt-covered spillway down the river bank. The spillway was apparently used during
periods when the pipes were unable to accommodate the volume of effluent being discharged
(Dorian and Richards 1978). The 116-H-5 outfall structure is now demolished, in situ, and
backfilled with 3 m (10 ft) of soil, except for the spillway. Waste inventories or sample analyses
have not been conducted for the 116-H-5 outfall structure. Potential radioactive contaminants for
the 116-H-5 outfall structure include americium-241, cesium-134, cesium-137, cobalt-60,
europium-152, europium-154, europium-155, nickel-63, plutonium-238, plutonium-239/240,
potassium-40, radium-226, strontium-90, thorium-228, thorium-232, uranium-235, uranium-238,
and zirconium-95. Potential inorganic contaminants include arsenic, chromium VI, and lead. This
list of potential contaminants was taken from 116-H-7 retention basin data and includes all
contaminants of potential concern which were present above preliminary risk-based screening
concentrations.

3.8.2 LFI Data for the 116-H-5 Outfall Structure

No LFI data for the 116-H-5 outfall structure have been collected.
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3.8.3 Data Summary for the 116-H-5 Outfall Structure

Potential contaminants at the 116-H-5 outfall structure are evaluated by calculating risk-based
concentrations for the frequent- and occasional-use scenarios as presented in Tables 3-8a and 3-8b.
Risk-based concentrations are a function of the inherent toxicity of the contaminants and are not
necessarily indicative of likely risk-driving contaminatits.
Risk calculations were performed upon historical data for the 116-D-5 outfall structure, an
analogous site at the 100-DR-1 operable unit. An evaluation of the risk at 116-D-5 will presented
in Section 3.8.4. Results of the risk-based calculations are summarized in the following
paragraphs.

Frequent-Use Scenario:

Cobalt-60, cesium-134, radium-226, and thorium-228 are associated with the lowest
soil concentrations of concern for a IE-06 risk; 0.0049, 0.0064, 0.0069, and
0.0074 pCi/g, respectively, via the external exposure pathway.

Arsenic is associated with the lowest hazard quotient (HQ); 24 mg/kg via the soil
ingestion pathway. Arsenic is associated with the lowest ICR among inorganics;
0.38 mg/kg via the soil ingestion pathway.

No toxicity data are available to estimate risk-based concentrations of lead.

Occasional-Use Scenario:

Cobalt-60, cesium-134, radium-226, and thorium-228 are associated with the lowest
soil concentrations of concern for a 1E-06 risk; 0.76, 1.3, 1.1, and 1.2 pCi/g,
respectively, via the external exposure pathway;

Arsenic is associated with the lowest hazard quotient (HQ); 1300 mg/kg via the soil
ingestion pathway. Arsenic is associated with the lowest ICR among inorganics; 20
mg/kg, via the soil ingestion pathway.

No toxicity data are available to estimate risk-based concentrations of lead.

3.8.4 Qualitative Risk Assessment for the 116-H-5 Outfall Structure - Human Health

Because there is no sampling information for the I16-H-5 outfall structure, the identification
of potential contaminants is limited to process information. No other data or historical information
has been identified at this time.

The QRA for this site is limited to the calculation of specific risk-based soil concentrations
for the possible contaminants identified from the 116-H-7 retention basin. The risk-based
concentrations are summarized in Table 3-8a and 3-8b.

The risk-driving contaminants at the 116-H-7 retention basin are europium-152, europium-
154, cobalt-60,. and cesium-137. It is reasonable to assume that these contaminants may also be of
greatest concern at the 116-H-5 outfall structure which received effluent from the 116-H-7 retention
basin.
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The 116-D-5 outfall structure is an analogous site in the 100-DR-1 operable unit for which
risks were calculated based upon historical d'ata. Total risk associated with radionuclides in 1992
for the frequent- and occasional-use scenarios at 116-D-5 outfall structure are > 1E-02 and 4E-04
respectively. The risks are primarily attributable to europium-152, cobalt-60, and europium-154
via the external exposure pathway. Total risk associated with the frequent-use scenario in 2018 at
the 116-D-5 outfall structure is 1E-02. This risk is primarily attributable to europium-152 via the
external exposure pathway. The qualitative risk rating for the 116-H-5 outfall structure is medium.

The key source of uncertainty for this waste site is the lack of information on what
contaminants are actua.lly present and their concentrations. The risk-driving contaminants at 116-
D-5 and 116-H-7 are similar. Based upon process information and the 116-D-5 analogous site, it is
reasonable to assume that these radionuclides may also be a significant source of risk at the 116-H-
5 outfall structure.

3.8.4.1 Qualitative Discussion of the Threat Posed By the 116-H-5 Outfall Structure. Based on
the information provided in Section 3.8.4 the degree of confidence in the contaminants is low. The
degree of confidence in the concentrations of contaminants is also low. The most important
pathway for potential frequent- and occasional-use exposures, based upon the 116-D-5 analogous

w=:_ site, is the external pathway for radionuclides. The external exposure pathway is also associated
with the lowest soil concentrations in the 116-H-5 outfall structure risk-based calculations.

x.^ The current occasional-use scenario is also evaluated for the external radiation exposure
pathway while accounting 'for the shielding effect of soil. No sampling data exists for the 116-H-5
outfall structure to determine whether radionuclides are present in the upper 6 ft. of soil.
Radiological survey data indicate surface levels of radiation are not elevated above background.

3.8.5 Qualitative Risk Assessment for the 116-H-5 Outfall Structure - Ecological Evaluation

Waste unit 116-H-5 was not evaluated for qualitative risk because of insufficient data to
complete an assessment.

3.9 THE 132-H-3 PUMP STATION

3.9.1 Historical Data for the 132-H-3 Pump Station

The 132-H-3 pump station is located in the southwest corner of the 100-HR-1 operable unit,
within the H reactor building security fence, near the western edge of the H reactor building (see
Figure 1-3). The pump station consisted of four sumps containing approximately 302,880 L
(80,000 gallon) of water. At the time of de-commissioning in 1987, the basins also contained
approximately 3,786 L (1,000 gallon) of sludge. This station collected and pumped water from the
H reactor building drains, including the irradiated fuel storage drains, into the process effluent
system to the 116-H-7 retention basin. The facility was in service from 1949 to 1965. In 1987,
sump water was removed and trucked to the 1325-N liquid waste disposal unit in the 100-N Area.
The sludge was put in drums and placed in the H reactor building and the 132-H-3 pump station
was demolished in situ and backfilled with a minimum of 4.6 m(15 ft) of clean fill. &
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Sludge and water samples from four sumps in the 132-H-3 pump station were analyzed in
1987 before the pump station was decommissioned (Dorian and Richards 1978). Result of
chemical analyses identified the inorganic constituents, aluminum, arsenic, barium, beryllium,
calcium, cadmium, cobalt, chromium, copper, fluoride, iron, lead, lithium, magnesium,

manganese, molybdenum, sodium, nickel, phosphor, strontium, titanium, vanadium, zinc, silver,
selenium, mercury, osmium and strontium and the ions nitrate, sulfate, phosphate, and ammonium.

Radiological sampling using a Geiger-Miiller probe measured up to 4,000 counts per minute
(cpm) of activity along the pipelines and pumps within the pump station. Smear samples of beta
contamination from the floors, walls and equipment ranged from less than 10 cpm/100 cm2 up to a
maximum of 3,000 cpm/100 cm2. Radionuclides identified include carbon-14, cesium-137, cobalt-
60, europittm-152; plutonium-239/240, strontium-90, and tritium. Additional potentially present
radionuclides were taken from the 116-H-7 retention basin and include americium-241, cesium-134,
europium-154, europium-155, nickel-63, plutonium-238, radium-226, thorium-228, thorium-232,
uranium-238, and zirconium-95. The historical data are presented in Appendix A.

3.9.2 LFI Data for the 132-H-3 Pump Station

No LFI data for the 132-H-3 pump st4tion have been collected.

3.9.3 Data Summaty for the 132-H-3 Pump Station

Potential contaminants at the 132-H-3 pump station are evaluated by calculating risk-based
concentrations for the frequent- and occasional-use scenarios as presented in Tables. 3-9a and 3-9b.
Risk-based concentrations are a function of the inherent toxicity of the contaminants and are not
necessarily indicative of likely risk-driving contaminants. Results of the risk-based calculations are
summarized in the following paragraphs.

Frequent-Use Scenario:

Cobalt-60, cesium-134, radium-226, and thorium-228 are associated with the lowest
soil concentrations of concern for a IE-06 risk; 0.0049, 0.0064, and 0.0074 pCi/g,
respectively, via the external exposure pathway.

Arsenic and mercury are associated with the lowest hazard quotient (HQ); 24
mg/kg via the soil ingestion 15athway. Arsenic associated with the lowest ICR
among inorganics; 0.38 mg/kg via the soil ingestion pathway.

No toxicity data are available to estimate risk-based concentrations of lead.

Occasional-Use Scenario:

Cobalt-60, cesium-134, radium-226, and thorium-228 are associated with the lowest
soil concentrations of concern for a IE-06 risk; 0.76, 1.3, 1.1, and 1.2 pCi/g,
respectively, via the external exposure pathway;
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Arsenic and mercury are associated with the lowest HQ; 1300 mg/kg via the soil
ingestion pathway. Arsenic is associated with the lowest ICR among inorganics; 20
mg/kg, via the soil ingestion pathway.

No toxicity data are available to estimate risk-based concentrations of lead.

3.9.4 Qualitative Risk Assessment for the.132-H-3 Pump Station - Human Health

Because there are no soil sampling data for the 132-H-3 pump station, the identification of
potential contaminants is limited to process information, surface smear samples for radionuclides,
and water/sludge samples for inorganics. No other data or historical information has been
identified at this time.

The QRA for this site is limited to the calculation of specific risk-based soil concentrations
for the possible contaminants identified from the 116-H-7 retention basin and historical building

"r";J and sump water samples. The risk-based concentrations are summarized in Table 3-9a and 3-9b.

The risk-driving contaminants at the 116-H-7 retention are europium-152, europium-154,fi -....
r-.-t cobalt-60, and cesium-137. It is reasonable to assume that these contaminants may also be of

greatest concern at the 132-H-3 pump station which pumped effluent to the 116-H-7 retention
;. W basin. The qualitative risk rating for the 132-H-3 pump station is low.

The key source of uncertainty for this waste site is the lack of information on what
contaminants are actually present and their concentrations. Aside from europium-154, all the risk-
driving contaminants at the 116-H-7 retention basin were identified as well at the 132-H-3 pump
station. It is reasonable to assume that if leakage occurred from the 132-H-3 pump station, these
radionuclides may also be a significant source of risk at this site.

3.9.4.1 Qualitative Discussion of.the Threat Posed by the 132-H-3 Pump Station. Based on
the information provided in Section 3.8.4 the degree of confidence'in the contaminants is low. The
degree of confidence in the concentrations of contaminants is also low. The most important
pathway for potential frequent- and occasional-use exposures, based upon the contaminant risk-
based soil concentrations, is the external pathway for radionuclides. A minimum of 4.6 m(15 ft)
of clean fill is reported to exist over the demolished 132-H-3 pump station. In this case, current
external exposure to radionuclides would be negligible, as would be current exposures via the soil
ingestion and inhalation pathways.

The current occasional-use scenario is also evaluated for the external radiation exposure
pathway while accounting for the shielding effect of soil. No sampling data exists for the 132-H=3
pump station to determine whether radionuclides are present in the upper 6 ft of soil. Radiological
survey data specific to the 132-H-3 pump station do not exist:

3.9.5 Qualitative Risk Assessment for the 132-H-3 Pump Station - Ecological Evaluation

Waste unit 132-H-3 was not evaluated for qualitative risk because of insufficient data to
complete an assessment.
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3.10 116-H-6 RETENTION BASIN

3.10.1 Historical Data for the 116-H-6 Retention Basin

The 116-H-6 retention basins are located within the central portion of the 100-HR-1 operable
unit, north of the H reactor complex (see Figure 1-3). This facility comprises four of the original

16 concrete water treatment basins that were used to store and treat (through solar evaporation) N
reactor fuel fabrication wastes from the 300 Area that included routine and non-routine waste.
Each basin measures 13.9 in x 10 in x 2.89 m(45.5 x 33 x 9.5 ft) deep and is separated from the
subsidence basin by a redwood plank weir. The subsidence basin is 29 m(53.5 ft) long, 16.3 in
(95 ft) wide and 5 m(16.5 ft) deep at the north end and 4.7 m(15.5 ft) deep at the south end. All
basins•had been used at one time or another, and contained various levels of sludge, liquid and
crystalline wastes.

?y.Y•"

a^"d The total routine wastes discharged in these basins in 1985 was 9,620,000 L
(2,542,000 gallons) and consisted of spent acid etch solutions (primarily nitric, sulfuric,
hydrofluoric and chromic acids) generated by the nuclear fuel fabrication process. These acidic
solutions were neutralized with excess sodium hydroxide before being transported to the 116-H-6
basins. Metal constituents (mostly in the forms of precipitates) include copper, silicon, zirconium,
nickel, aluminum, chromium, manganese and uranium. Non-routine waste consisted of unused
chemicals. Complete descriptions of these wastes and quantities can be found in Interim Status
Closure/Post Closure Plan 183-H Solar Evaporation Basins (WHC 1988a).

Because the unit received wastes through 1985, it falls under the jurisdiction of RCRA
interim status TSD requirements. For this reason, the I16-H-6 retention basin was not specifically
included in the NPL nomination. Extensive characterizations of the waste within the basins and the
local groundwater have been conducted pursitant to RCRA closure process (WHC 1988b). All
waste material has been removed from the basin. As of November 1985, the basins no longer
received waste. Current conditions of the basins before the closure is finalized are as follows:
basin I and 4 have been cleaned and decontaminated; basin 2 and 3 have been washed down but
not decontaminated. Uranium was identified at the 116-H-6 retention basin. Results of inorganic
analyses on 116-H-6 basins waste identified aluminum, antimony, arsenic, barium, beryllium,
boron, calcium, cadmium, chromium, chloride, cobalt, copper, fluoride, iron, lead, lithium,
magnesium, manganese, mercury, molybdenum, nickel, potassium, phosphorous, selenium, silicon,
silver, sodium, strontium, thallium, tin, titanium, vanadium, zinc, and zirconium. The ions
identified were nitrate, nitrite, sulfate, phosphate, and ammonium. Historical data are presented in
Appendix A.

The decommissioning and RCRA closure program have been conducted in 1991 and a report
of the sampling and analysis activities is pending. The closure has not been finalized and depends
on several criteria to be met (WHC 1988b). The data will be compared and incorporated in the
QRA for this unit upon completion of the report.

3.10.2 LFI Data for the 116-H-6 Retention Basin

There are no LFI data and no analogous or related sites have been sampled.
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3.10.3 Data Summary for the 116-H-6 Retention Basin

WHC (1988a) lists inorganics and organic compounds that were analyzed at various times
throughout the service of this facility. Specific risk-based concentrations for frequent- and
occasional-use scenarios are calculated based on identified potential contaminants from the above
historical data. These risk-based concentrations are summarized in Tables 3-10a and 3-10b for
radioactive and non-radioactive parameters. Risk-based concentrations are a function of the
inherent toxicity of the contaminants and are not necessarily indicative of likely risk-driving

contaminants. Assuming evaporation occurred, volatile organic compounds are not considered in
the calculation of risk-based concentrations. This assumption will be confirmed when the RCRA
closure report for this site is completed. Non-volatile organics were not analyzed for. Results of
the risk-based calculations are summarized in the following paragraphs.

Frequent-Use Scenario:

Uranium was the only radionuclide identified. The lowest soil concentration of
concern for a 1E-06 risk is 1.2 pCi/g via the external exposure pathway.

Phosphorus, thallium oxide, arsenic, mercury, and antimony are associated with the
lowest hazard quotients (HQ); 1.6, 5.6, 24, 24, and 32 mg/kg respectively, via the
soil ingestion pathway. Beryllium and arsenic are associated with the lowest ICR
among inorganics; 0.15 and 0.38 mg/kg via the soil ingestion pathway.

No toxicity data are available to estimate risk-based concentrations for chloride,
lead, lithium, phosphate, silicon, sulfate, titanium, and zirconium.

Occasional-Use Scenario:

The lowest uranium soil concentration of concern for a 1E-06 risk is 92 pCi/g via
the fugitive dust inhalation pathway.

Phosphorus, thallium oxide, arsenic, mercury, and antimony are associated with the
lowest hazard quotients (HQ); 83, 290, 1300, 1300, and 1700 mg/kg, respectively,
via the soil ingestion pathway. Beryllium and arsenic are associated with the
lowest ICR among inorganics; 7.8 and 20 mg/kg, via the soil ingestionpathway.

No toxicity data are available to estimate risk-based concentrations for chloride,
lead, lithium, phosphate, silicon, sulfate, titanium, and zirconium.

3.10.4 Qualitative Risk Assessment for the 116-H-6 Retention Basin , Human Health

Because no soil sampling information for the 116-H-6 retention basin are currently available,
the identification of potential contaminants is limited to basin waste samples.

The QRA for this site is limited to the calculation of specific risk-based soil concentrations
for the possible contaminants identified in the 116-H-6 basin wastes. The risk-based concentrations
are summarized in Table 3-10a and 3-10b. The qualitative risk rating for the I16-H-6 retention
basin is medium. '
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The key source of uncertainty for this waste site is the lack of information on what
contaminants are actually present at the site today and their concentrations. Once the RCRA
closure report for 116-H-6 is completed, soil concentrations of identified parameters can be used to
estimate current and future risks associated with the 116-H-6 retention basin.

3.10.4.1 Qualitative Discussion of the Threat Posed By the 116-H-6 Retention Basin. Based
on the information provided in Section 3.10.4 the degree of confidence in the contaminants is low.
The degree of confidence in the concentrations of contaminants is also low. The most important
pathway for potential frequent- and occasional-use exposures, based upon the contaminant risk-
based soil concentrations, is the soil ingestion pathway for inorganic constituents.

The current occasional-use scenario is also evaluated for the external radiation exposure
pathway while accounting for the shielding effect of soil. No sampling data exist for the 116-H-6
retention basin to determine whether radionuclides are present in the upper 6 ft. of soil.
Radiological survey data indicate surface levels of radiation are not elevated above background.

"-- 3.10.5 Qualitative Risk Assessment for the 116-H-6 Retention Basin - Ecological Evaluation.._. i
uw^

Waste unit 116-H-6 was not evaluated for qualitative risk because of insufficient data to
complete an assessment.

3.11 132-H-2 BUILDING

3.11.1 Historical Data for the 132-H-2 Building

The 132-H-2 building was located approximately 24 m(80 ft) southwest of the H reactor
building (see Figure 1-3). The 132-H-2 building was a reinforced concrete structure, 18 m(59 ft)
long, 12 m(39 ft) wide, and 11 m(35 ft) high, with a typical wall thickness of 0.4 m(15 inches).
Ninety percent of the structure was built below ground level. The 132-H-2 building was built in
1960 to filter the H reactor exhaust air before it was routed to the 132-H-1 stack. The 132-H-2
building was built on the site of the I16-H-4 crib. The 132-H-2 building was demolished and the
site leveled with clean soil in 1983. All contaminated rubble was buried at least 1 m(3 ft) deep.
The rubble from the 132-H-2 building seal pits was buried under a minimum of 4.6 m(15 ft) of
clean soil.

Prior to demolition, radiation surveys and isotopic analyses of concrete and paint were
made. The total estimated inventory was 0.41 millicuries of radionuclide activity. Radionuclides
identified include tritium, carbon-14, cobalt-60, strontium-90, cesium-137, europium-152,
europium-154, -and plutonium-239/240 (Powers 1986). The Allowable Residual Contamination
Levels (ARCL) calculation report for the 132-H-2 building has been completed (Beckstrom 1984)
but was not obtained for the QRA. An equivalent ARCL calculation report for the 132-D-2
building (Beckstrom and Loveland 1986), an analogous facility from the,100-DR-1 operable unit, is
available and will be discussed in Section 3.11.4.

3.11.2 LFI Data for the 132-H-2 Building
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No LFI data have been collected at the 132-H-2 building and there are no analogous or
process related sites that have been sampled as part of the LFI.

3.11.3 Data Summary for the 132-H-2 Building

Potential contaminants at the 132-H-2 building are evaluated by calculating risk-based
concentrations for the frequent- and occasional-use scenarios as presented in Table 3-I1. Risk-
based concentrations are a function of the inherent toxicity of the contaminants and are not
necessarily indicative of likely risk-driving contaminants. Results of the risk-based calculations are
summarized in the following paragraphs.

Frequent-Use Scenario:

Cobalt-60 is associated with the lowest soil concentration of concern for a 1E-06
risk; 0.0049 via the external exposure pathway.

Occasional-Use Scenario:

Cobalt-60 is associated with the lowest soil concentration of concern for a 1E-06
risk; 0.76 via the external exposure pathway.

3.11.4 Qualitative Risk Assessment for the 132-H-2 Building - Human Health

The QRA for this site is limited to the calculation of risk-based concentrations for the
possible contaminants identified in the 132-H-2 building before the building was demolished and
buried in-situ, as based on the decommissioning report. The risk-based concentrations are
summarized in Table 3-11. The qualitative risk rating for the 132-H-2 building is low.

The exposure assessment is'based on assumptions regarding exposure conditions. A
conservative assumption is made that the contaminants of potential concern are readily accessible
for receptor contact via external exposure, soil ingestion and inhalation. The rubble from the 132-
H-2 building is reportedly buried at least 1 m(3 ft) deep so that exposure to potential contaminants
would require some excavation. The frequent- and occasional-use exposure scenarios that have
been evaluated in this QRA do not currently occur at the site. The key source of uncertainty in
this QRA is the lack of information on what contaminants are actually present and their
concentrations.

3.11.4.1 Qualitative Discussion of the Threat Posed by the 132-H-2 Building. Based on the
information provided in Section 3.11.4, the degree of confidence in the contaminants is low. The
confidence in the concentrations of contaminants is also low. The most important pathway for
potential frequent- and occasional-vse exposures, based upon the contaminant risk-based soil
concentrations, is the external pathway for radionuclides. However, since the building was
demolished and buried in situ, and reportedly covered with 1 m(3 ft) of clean fill, the likelihood of
current exposure via this pathway is reduced.
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The current occasional-use scenario is also evaluated for the external radiation exposure
pathway while accounting for the shielding effect of soil. No sampling data exists for the 132-H-2
building to determine if radionuclides are present in the upper 6 ft of soil. Radiological survey
data specific to the 132-H-2 building have not been identified.

The ARCL report for the 132-H-2 building is not available for review for this QRA. The
132-D-2 ARCL report, however, can provide information for evaluation purposes. The
radionuclides detected are the same for both sites. The radionuclide inventory of 132-D-2 building
is 0.55 mCi while the 132-H-2 building has an inventory of 0.41 mCi.

The estimated ARCL dose rate for 132-D-2 is 1.7 mrem/yr. For an exposure duration of 30
yrs, the total absorbed dose would be 51 mrem. Using an EPA (1989a) risk factor of 6.2E-07
mrem/yr, this dose is associated with a lifetime cancer incidence risk of 3E-05. This risk is
estimated using very conservative assumptions. The ARCL frequent-use scenario is based on a
maximally exposed individual (MEI), not the reasonable maximum exposure (RME) concept used
in the QRA (DOE-RL 1993a). Therefore, the dose rate provided in the ARCL report is expected
to provide an upper bound exposure estimate. In addition, radioactive decay has occurred since the
ARCL calculations were performed in 1986.

3.11.5 Qualitative Risk Assessment for the 132-H-2 Building - Ecological Evaluation

Waste site 132-H-2 was not evaluated for the qualitative risk because of insufficient data to
complete an assessment.

3.12 THE 132-H-1 STACK

3.12.1 Historical Data for the 132-H-1 Stack

The 132-H-1 stack was a reinforced concrete stack measuring 60.96 m x 5.05 m (200 ft x
16 ft), located directly to the southwest of the H reactor building. The stack was demolished in
1983. A documented release of radionuclides from the stack in 1955 was reported. A ruptured
fuel element burned briefly during discharge, resulting in radioactive stack emissions. Ground-
level contamination approached 12 radioactive particles/9.29 mZ (12 radioactive particles/100 ft2)
ranging from 1,000 to 10,000 counts/min and up to 700 mrad/h. The contamination spread south
over approximately 18 km2 (7 miZ). Contaminated soil was removed and disposed of in an
unspecified burial trench, as reported by ERDA ( 1975). The release included 0.8 Ci of barium,
rare earth elements, and yttrium. The present location of the removed soil is unknown (ERDA,
1975).

After the demolition of the stack in 1983, about one-third of the foundation rubble was
buried in a trench located between the demolished 132-H-2 building and 132-H-3 pump station.
The remainder of the foundation was buried in place and covered with at least I m (3 ft) of clean
fill. Five concrete core samples were taken from the stack in 1983 and 1987 (Beckstrom 1987) and
analyzed for tritium, carbon-14, cobalt-60, strontium-90, cesium-137, europium-152, europium-154
and gross alpha. With the exception of europium-154, all constituents analyzed for were detected.
The ARCL calculations for decommissioning the 132-H-1 stack (Beckstrom 1987) reported total
radionuclide inventory in the buried rubble sample of 132-H-1 stack to be approximately 12 mCi.
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3.12.2 LFI Data for the 132-H-1 Stack

No LFI data for the 132-H-1 stack have been collected and no analogous or related sites
were sampled.

3.12.3 Data Summary for the 132-H-1 Stack

Potential contaminants at the 132-H-1 stack are evaluated by calculating risk-based
concentrations for the frequent- and occasional-use scenarios as presented in Table 3-12. Risk-
based concentrations are a function of the inherent toxicity of the contaminants and are not
necessarily indicative of likely risk-driving contaminants. Results of the risk-based calculations are
summarized in the following paragraphs.

Frequent-Use Scenario:

Cobalt-60 is associated with the lowest soil concentrations of concern for a 1E-06
risk; 0.0049 via the external exposure pathway.

Occasional-Use Scenario:

Cobalt-60 is associated with the lowest soil concentrations of concern for a 1E-06
risk; 0.76 via the external exposure pathway.

3.12.4 Qualitative Risk Assessment for the 132-H-1 Stack - Human Health

The QRA for this site is limited to the calculation of risk-based concentrations for the
possible contaminants identified in the 132-H-1 stack before the stack was demolished and buried
in-situ, as based on the decommissioning report. The risk-based concentrations are summarized in
Table 3-12. The tiualitative risk rating for the 132-H-1 stack is low.

The exposure assessment is based on assumptions regarding exposure conditions. A
conservative assumption is made that the contaminants of potential concern are readily accessible
for receptor contact via external exposure, soil ingestion and inhalation. The rubble from the 132-
H-1 exhaust stack is reportedly buried at least 1 m(3 ft) deep so that exposure to the potential
contaminants,would require some excavation. The frequent- and occasional-use scenarios that have
been evaluated in this QRA do not currently occur at the site.

The key source of uncertainty in this QRA is the lack of information on what contaminants
are actually present and their concentrations.

3.12.4.1 Qualitative Discussion of the Threat Posed by the 132-H-1 Stack. Based on the
information provided in Section 3.12.4, the degree of confidence in the contaminants is low. The
confidence in the concentrations of contaminants is also low. The most important pathway for
potential frequent- and occasional-use exposures, based upon the contaminant risk-based soil
concentrations, is the external pathway for radionuclides. However, the existing rubble was buried
in situ and covered with at least 1 m(3 ft) of clean fill. The likelihood of current exposure via the
external exposure pathway ts therefore reduced.
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The current occasional-use scenario is also evaluated for the external radiation exposure
pathway while accounting for the shielding effect of soil. No sampling data exists for the 132-H-1
stack to determine if radionuclides are present in the upper 6 ft of soil. Radiological survey data
specific to the 132-H-1 stack have not been identified..

The estimated ARCL dose rate for 132-H-1 stack is 4.8 mrem/yr (Beckstrom 1987). For an
exposure duration of 30 yrs, the total absorbed dose would be 144 mrem. Using an EPA (1989a)
risk factor of 6.2E-07 mrem/yr, this dose is associated with a lifetime cancer incidence risk of 9E-
05. This risk is estimated using very conservative assumptions. The ARCL frequent-use scenario
is based on a maximally exposed individual (MEI), not the reasonable maximum exposure (RME)
concept used in the QRA (DOE-RL 1993a). Therefore, the dose rate provided in the ARCL
report is expected to provide an upper bound exposure estimate. In addition, radioactive decay has
occurred since the ARCL calculations were performed in 1986.

3.12.5 Qualitative Risk Assessment for the 132-H-1 Stack - Ecological Evaluation

Waste unit 132-H-1 was not evaluated for the qualitative risk because of insufficient data to
complete an assessment.

3.13 THE 116-H-4 CRIB

3.13.1 Historical Data for the 116-H-4 Crib

The 116-H-4 crib was located southwest of and adjacent to the 132-H-3 pump station. The
dimensions of the crib are 1.2 in x 1.2 in x .6 in deep (4 x 4 x 2 ft). The 116-H-4 crib received
cooling water flow and discharge during periods of fuel element failure; approximately 7.6 L/min
(2 gal/min). This crib was in service from 1950 to 1952, at which time it was covered with 0.6 in
(2 ft) of soil (Stenner et al 1988). The Waste Information Data System (WIDS) reports that 3 in
(10 ft) of soil covers the 116-H-4 crib (DOE-RL 1992b). In the early 1960's, the 116-H-4 crib
was excavated and the material buried in the 118-H-5 burial ground. Approximately 1,000 kg
(2,200 lb) of sodium dichromate were disposed of in the 116-H-4 crib. There is no radionuclide
inventory of the exhumed 116-H-4 crib. In 1960, the 132-H-2 building was built on the same
location as the 116-H-4 crib. After it was retired, the building was demolished and buried in-situ.
The 132-H-2 building was a concrete structure, 18 m(59 ft) long, 12 m(39) ft wide and 11 m(35
ft) high, of which 90% was below grade (Powers 1986).

3.13.2 LFI Data for the 116-H-4 Crib

No LFI data have been collected for this waste site. The 116-H-4 crib was similar to the
pluto cribs of the B, D, DR, and F Areas. However, the waste material has been removed from
116-H-4 and moved to the 118-H-5 burial ground. Demolished material from the 132-H-2 filter
building is buried in the same location. Theie are no analogous or related sites that represent the
present condition of the 116-H-4 crib.

3.13.3 Data Summary for the 116-H-4 Crib
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Since construction of the 132-H-2 building involved excavation of the crib to a depth of
approximately 9 m (30 ft), the risk associated with the 116-H-4 crib is likely to have been
superseded by the risk associated with the 132-H-2 building waste site. Section 3.11 discusses the
qualitative risk assessment for the 132-H-2 building. The qualitative risk rating for the 116-H-4
crib is low.

3.13.4 Qualitative Risk Assessment for the 116-H4 Crib - Ecological Evaluation

Waste unit 116-H-4 was not evaluated for the qualitative risk because of insufficient data to
complete an assessment.
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Table 3-la. Historical and LFI Data Summary for the 116-H-1 Trench. (Sheet I of 4)

w
H^

Historical Dataa LFl Data QRA Data
Parameter

Mncimum 112 Life Maxlmum Depth Maximum Depth Concentration Rationale for Selection
Concentration (Yeus) Concentration (fl.) Concentration (fLb) Used in QRA

Radionuclides, pCVg Decayed to 1992 1992 2018

Americium•241 - 432 • - 0.2 10 0.2 0.2 maximum concentration detected at or above 15 ft.

Carbon•14 - 5,700 - - (15) (19) - - not detected at or above 15 fL

Cesium•134 0.038 206 0.00017 5 - - 0.00017 2.8E-08 maximum concentration detected at or above 15 fL
(OA4) (0.00018) (25)

Cesium-137 580 30.2 400 2 32 10 400 220 maximum concentration detected at or above 15 R.
(36.4) (16)

Cobait-60 280 52 33 2 25 10 33 1.1 mudmum concentration detected at or above 15 ft.

(440) (52) (18)

Europium-152 1,200 13.6 530 2 54 10 530 140 maximum concentration detected at or above 15 ft.
(2,100) (930) (17)

Europium-154 310 8.8 88 2 5.4 10 88 11 matimum concentration detected at or above 15 (t.
(2,500) (710) (17)

Europium-155 42 4.9 4.4 2 - - 4.4 0.12 maximum concentration detected at or above 15 ft.

(93) (10) (18)

Plutonium-238 0.32 87.8 028 2 - - 028 0.23 maxinum concentration detected at or above 15 R
(0.35) (0.3) (18) 1

Plutonium•239/lA0 6.6 24,000 6.6 2 0.74 10 6.6 6.6 mndmum concentration detected at or above 15 ft.
(11) (11) (17)

Potessium-40 - 1.3E+09 - 13 15 13 13 maximum concenlration detected at or above 15 (L

Radium•226 • 1,600 • • 078 15 0.78 0.77 maximum concentration detected at or above 1516
(0.85) (17)

Sodium-22 - 2.6 • - (1.78) (16) - • not detected at or above 15 ft.

Strontium-90 52 28 35 2 62 15 35 19 maximum concentration detected at or above 15 fL

(82) (55) (17)
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Table 3-1a. Historical and LFI Data Summary for the 116-H-1 Trench. (Sheet 2 of 4)

W
H

C

Historical Dataa I.FI Data QRA Data
Parameter

Maximum
Concentration

l/L We
(Years)

Maximum
Concentration

Deplh
(fl.)

Maximum
Concentration

Depth
(R.b)

Concentration
Used in QRA

Rationale for Selection

Radionuclides, pCi/g Decayed to 1992 1992 2018

Technelium-99 - 2.13E+05 - - 0.25
(0.67)

14

(17)

0.25 0.25 niaximum concentration detected at or above 15 ft.

Thorium-228 - 1.91 0.95 14 0.95 7.6E-05 maximum concentration detected at or above 15 ft.

Thorium-232 - 1.41E+10 - - (0.89) (19) - - not detected at or above 15 ft.

Tritium 0.97 12.3 0.39 15 0.39 0.091 maximum concentration detected at or above 15 ft.

Uranium-233p34 2.4E+05 - - 053
(0.62)

15
(17)

053 053 maximum concentration detected at or above 15 ft.

Uranium-235 - 7.0E+08 - - (0.0016) (16) - - not detected at or above 15 ft.

Uranium-238 - 45E+09 - - 0.61 10 0.61 0.61 maximum concentration detected at or above 15 ft.

Total Uranium 031 45E+09 031 individual isotopes evaluated from LFI data

Inorganics, mg/kg

Aluminum - - - - - 7,500 14 c eliminated based on HSBRAMc

Arsenic 37.9 10 37.9 maximum concentration detected at or above 15 ft.

Barium - - - - 745 14 eliminated based on comparison to backgroundd

Calcium - - - - 5,520 14 -c eliminated based on HSBRAMc

Chromium 18.9
(29.6)

14
(17)

a eliminated based on comparison to backgroundd

Cobalt 8.3

(9-9)

14

(24)
a eliminated based on comparison to backgroundd

Copper 195
(2954)

14
(17)

a eliminated based on comparison to backgroundd
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Table 3-la. Historical and LFI Data Summary for the 116-H-1 Trench. (Sheet 3 of 4)

^

n

Historicel Dataa LFI Data QRA Data
Parameter

Maximum
Concentration

1/2 Life
(Years)

Maximum
Concentration

Depth

(ft.)

Maximum
Concentration

Depth
(fl.b)

Concentration
used in QRA

Rationale for Selection

Iron - - - • 16,900
(18,700)

14
(24)

•c eliminated based on HSBRAMc

Lead - - - • 187 10 187 maximum concentration detected at or above 15 ft.

Magnesium - • - - 4,630 14 -c eliminated baxd at HSBRAMc

Manganese 292 14 d eliminated based on comparison to backgroundd

Mercury • - - . (0.05) (16) • not detected at or above 15 ft.

Nickel • • - - 115
(13.9)

14
(16)

d eliminated based on comparison to backgroundd

Polassium - • - • 1,320 10 c eliminated bssed on 1$BRAMc

Vanadium • - • - 35.8

(51)

14

(24)

•d eliminated based on comparison to backgroundd

Zinc - • - - 53.1 14 -d eliminated based on comparison to backgroundd

Organics, pg/kg

Acenaphthene • - - - 210 14 210 maximum concentration detected at or above 15 it.

Anthracene • • - - 430 14 430 maximum concentration detected at or above 15 ft.

Benzo(a)anthracene - • . - 940 14 940 maximum concentration detected at or above 15 ft.

Benzo(b)Buoranlhene - • - - 890 14 890 maximum concentration detected at or above 15 ft.

Benzo(k)fluoranthene - - - - 760 14 760 maximum concentration detected at or above 15 ft.

Benzn(g,h,i)perylene - - - - 410 14 410 maximum ooncentralian detected at or above 15 ft.

Benzo(a)pyrene • - - - 810 14 810 maximum concentration detected at or above 15 ft.

Bis(2-ethylhexyl)
phthalate

• - • - 68 • 68 maximum concenlration detected at or above 15 ft.
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Table 3-1a. Historical and LFI Data Summary for the 116-H-1 Trench. (Sheet 4 of 4)

H
«+
W
n.

Hislorical Dalaa LF7 Data QRA Data
Parameter

Maximum 1/2 Life Maximum Depth Maximum Depth Concentration Rationale for Selection
Concentratan (Years) Concentration (fl.) Concentration (ft.b) Used in QRA

Chrysene - • - - 920 14 920 maximum concentration detected at or above 15 ft.

Dibevnfuran • - - - 130 14 130 maximum concentration detected at or above 15 ft.

Fluoranlhene • - - • 1,800 14 1800 maximum concentration detected at or above 15 ft.

Fluorene • - • - 190 14 190 maximum concentration detected at or above 15 ft.

Indeno(1,2,3-CD) • - - - 52O 14 520 maximum concentralion detected at or above 15 ft.

pyrene

2-Methylnaphthalene • - - -

h

14 42 maximum concenlration delecled at or above 15 ft.

Phenanlhrene

E

14 1500 maximum concentration detected at or above 15 ft.

Pyrene - - - • 1,200 14 1200 maximum concentration detected at or above 15 ft.

() indicates maximum concentralion detected at depths greater than 15 ft.
ND indicates analyzed for but not detected.
- indicates parameter was not analyned for or not reported.
a Dorian and Richards 1976 radiologicat data (1978).
b Depth indicated is the top of the sampling depth.
c Al, Ca, Fe, Mg. K, and Na are eliminated from further consideration as recommended in HSBRAM (DOE-RL 1993a).
d Maximum concentration compared to contaminant specific 95% U7i. on Table 2-1 and eliminated because it did not exceed background.
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Table 3-1b. Preliminary Risk-Based Screening for Radioactive Soil Contaminants at the 116-H-1 Trench.

w

C

Parameter Maximum Soil
Concentration

in 1992

(PQ8)

Ord SFa
(pG)^

Soil Concentration
at Oral

ICR = 1E-07

Inhalation SFa
(p6)'^

Soil Concentration
at Inhalation
ICR - IE-07

(PQ/8)

External SFa
(p4-)r/g)'1

Soil Concentration
at External
ICR - 1EJ07

(pCVg)

Americium•241 02 24E-10 0.32 32E-08 029 4.9E-09 0.68

Cesium-134 0.00017 4.IE-11 1.9 28E•11 330 52E-06 0.08064

Cesium-137 400 2.8E•11 2.7 1.9E-11 480 20E-06 QAQ17:;

Coballfi0 33 ISE-11 5.1 15E•10 61 8bE•06 ':' U.08034'

Europiym-152 530 21E-12 36 1.1E-10 83 . 3bE-06 .' U.08043i

Europlum•154 88 3.0E-12 25 1.9E-10 , 65 4.IE-06 „'0,00881-::

Europium-155 t4 45E-13 170 1.8E-11 510 5.9E-08 qA56 :;

Plutonium-238 0.28 22E-10 0.35 3.9E-08 073 28E-11 120

Plutonium 239/240 6.6 23E-10 0.33 3.8E-08 024 . 2.7E-11 120

Potassium 40 13 1.1E41 6.9 7.6E•12 1,2110 5.4E-07 0A062

Radium-226 0.78 12E-10 0.63 3.OE-09 3 6.OE-06 0.00^6

Slronlium-90 35 3bE-11 21 62E-11 150 b b

Technetium-99 025 13E•12 59 83E-12 1,100 6AE-13 5,600

Thorium•228 0.95 55E-11 1.4 7.8E•08 0,12 54E-06 .0.0006?

Tritium (74-3) 0.39 5.48-14 1,400 78E-14 12E+05 b b

Uranium233/234 053 1.6E-11 4.8 27E-08 0.34 92E-11 79

Lranium•238 0b1 2.8E-11 2.7 52E-08 0.18 3bE-08 0.093:-.

aHeallh Effects Assessment Summary Tables (HEASr, EPA 1992)
bNot an external exposure hazard
ICR = Lifetime incremental cancer risk
SF = Slope factor
Note: Shaded area indicates screening criterion exceeded.
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Table 3-1c. Preliminary Risk-Based Screening for Non-Radioactive Soil Contaminants at the 116-H-1 Trench. (Sheet 1 of 2)

Parameter Maximum
Soil

Concentration

(mg4cg)

Ord R1D
(mgAcg-d)

Soil
Concentration

at Oral

HQ-0.1

(mg)cg)

Inhalation R1D
( mgykg-d)

Soil

Concentra0on

at Inhalation
HQ=0.1

(m&4cg)

Oral SF

(mg/kgd)"
Soil

Concentration

at Oral

ICR - 1E-07

(mglkg)

Inhalation SP

(mghg-d)"
Soil

Concentration

at Inhdation

ICR - 1E-07
(mg/kg)

Regulatory

Soil

Qennup

Guidelines

(mg/kg)

INORGANICS

lusenlc 3.0E-04° . y'! d -d 1.7E+009,9 ; p.p9$

._. ..,___.:.

5.0E+010 1.1

Lead 187 - d .d -d d d .d .d d 5110.1000t

ORCANIG4

Acenaphthene 0210 6.0E-0N 480 -d ,d -e ,e -e e -

Mlhracene 0.430 3AE-0lo 2,400 d d ,e a e e

Benzo(a)anthracene 0.940 -d -d -d ,d -d -d ,d d

Benzo(b)Ouoranlhene 0.890 -d ,d -d d ,d d d d -

Benzu(k)lluoranlhene 0.760 •d ,d d -d -d -d -d d

Benrn(gh,i)perylene 0.41 3E-02' 240 d .d ,d ,d ,d d -

Ben¢n(a)pyrene 0.810 t d d d d 73E+00° -' 0.008g d d

Bis(2^thylhexyl)phthalnle 0.068 1-4E-02a 4.6 d ,d d- d -d -d -

Chrysene 0.920 d ,d d d ,d . ,d d ,d -

Dibenzofuran 0.130 -d ,e -

Fluoranthene 1.8 4.OE-02a 320 .d -d e ,e ,e e ,

Fluorene 0.190 t0E-02° 370 d , d ,e ,e ,e

lndeno(1,2,3-CD)pyran4 520 -d -d -d .d -d -d -d .d

2-Methylnaphthalene 0.042 4.0E-031 32 ,d -d ,d ,d ,d ,d

Phenanthrene 15 -d -d -d -d e • ,e ,e -e
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Table 3-1c. Preliminary Risk-Based Screening for Non-Radioactive Soil Contaminants at the 116-H-1 Trench. (Sheet 2 of 2)

Parameter Maximum

Soil
Concenlralion

(mg/kg)

Oral RID

(mg/kg-d)

Soil

Concentration
at Oral

HQ=0.1

(rn8/kg)

Inhalation RIU

(mp/kg-d)

Soil

Concentration
at Inhalation

HQ-0.1

(rn&kg)

Oral SF

(mg4cg-d)''
Soil

Concentration
al Chal

ICR = 1E-07

(mg/kg)

Inhalation SF

(mgAag-df'

Soil

Concentration
at Inhaldion

ICR = 1E-07

(n'g/kg)

Regulatory
Soil

Cleanup

Guidelines

(mg/kg)

Pyrene 1.2 3.013-02a 240 d e c e e

alntegrated Risk Information System (IRIS, EPA 1993).
bHealth Effecls Assessment Summary Tables (HFAST, EPA 1992).
c5uperfund Technical Support Center (SiSC 1992).

dNo RfD or SF available to evaluate this pathway.

eNot classified as a carcinogen or not carcinogenic via this exposure route or pathway.
IEPA 1989.

gBased on proposed arsenic unit risk of 5E-05 µglL (IRIS, EPA 1993).
hBased on 30% absorption of inhaled arsenic
'Based on pyrene as a surrogate.

yr IBased on naphthalene surrogate.

`) - Not applicable
HQ = Hazard quotient

Cr ICR = Li(etime incremental cancer risk

RID = Chronic reference dose
SF = Slope faclnr

Note: Shaded area indicates screening criterion exceeded.
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Table 3-1d. Summary of the Risk Assessment for Radioactive Contaminants in 1992 at the 116-H-1 Trench.

w
07'̂

a

Contaminant Frequenl-Use Scenario Occasiond•Use Scenario

Pathway Contaminant Pathway Contaminant

Soil Ingestion Fugitive Dust
Inhalation

External
Exposure

Total
Soil Ingestion Fugitive Dust

Inhalation
Edemd
Expoaure

Total

ICR" ICRa ICRa ION • ICRa ICRa

Cesium-137 1E-05 8E-08 >1E-02 >1E-02 3E-07 2E-09 1E-04 1E-04'

Cobalt-60 7E-07 5E-O9 7E-03 7E-03 1E-08 1E-09 4E-0S 4E-05

Europium-152 1E-06 6E-07 >1E-0E >1E-02 3E-08 1E-08 3E-04

Europium-154 3E-07 lE-07 9E-03 9E-03 7E-09 3E-09 6E-0S 6Effi

Europium-155 2E-09 8E-10 6E-06 6E-06 SE-11 2E-11 4E-08 4E-08

Plutonium-238 8E-08 IE-07 2Ed0 2E-07 2E-09 2E-09 tE•12 4E-09

Plutonium-239/LW 2E-06 3E-06 4E-09 5E-06 4E-08 5E-08 3E-11 9E-08

Polassium-40c 2E-07 IE-09 2E-04 2E-04 4E-09 2E-11 lE4)6 1E-06

Radium-226 tE-07 3E-08 lE-04 1E-04 2E-09 5E-10 7E-07 7E-07

Strontium-90 2E-06 2E-08 b 2E-06 3E-08 SE•10 -b 3E-06

Thorium-228 7E-08 8E-07 lE-04 IE-04 lE-09 2E-08 BE-07 8E-07

Uranium-233/234 1E-08 2E-07 5E•10 2E-07 2E•10 3E-09 3E-12 3E-09

Uranium-738 2E-08 3E-07 SE-07 8E-07 4E-10 7E-09 3E-09 1E-10

Total 2E-05 5E-06! 11E-02 - 4E-07 lE-07 5E•04 -

High Priority Waste Site Total >IE-02 5E-04

aLifetime incremental cancer risk -
bNot an external eaposure hazard. °
cNot of anthropogenic origin.
• = Not applicable.

Note: Shaded area indicates screening criterion exceeded.
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WHC-SD-EN-RA-004, Rev. 0

Table 3-1e. Summary of the Risk Assessment for Radioactive Contaminants in 2018
at the 116-H-1 Trench.

Contaminant Frequent-Use Scenario

Pathway Contaminant
Total

Soil Ingestion Fugitive Dust External Exposure
Inhalation

ICRa ICRa ICRa

Cesium-137 8E-06 5E-08 >lE-02 , >1E-02

Cobalt-60 2E-08 2E-09 2E 04 2E 04

Europium-152 4E-07 2E-07 >lE-02 >1E-02

Europium-154 4E 08 2E-08 IE=03 1E-03

Europium-155 7E-11 2E-11 2E-07 2E-07

Plutonium-238 7E-08 1E-07 2E-10 2E-07

Plutonium-239/240 2E-06 3E-06 4E-09 5E-06

Potassium-40c 2E-07 1E-09 2E-04 2E-04

Radium-226 1E-07 3E-08 IE-04 1E-04

Strontium-90 9E-07 1E-08 -b 9E-07

Thorium-228 5E-12 78-11 lE-08 1E-08

Uranium-233d234 1E-08 2E-07 4E-10 2E-07

Uranium-238 2E-08 3E-07 5E-07 8E-07

Total IE-05 4E-06 >lE-02 -

High Priority Waste Site Total >1E-02

aLifetime incremental cancer risk.
bNot an external exposure hazard.
cNot of anthropogenic origin
- = Not applicable.

Note: Shaded area indicates screening criterion exceeded.
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Table 3-if. Summary of the Risk Assessment for Non-Radioactive Contaminants at the 116-H-1 Trench.

.,,

Contaminant Frequent-Use Scenario Occasional-Use Scenario

Pathway Contaminant Pathway Contaminant
Totals Totals

Soil Ingestion Fugitive Dust Soil Ingestion Fugitive Dust
Inhalation Inhalation

HQ' ICR" HQ° ICRb Hld ICRb HQ° ICRb HQ° ICRb Hld ICRb

Arsenic 2.0 IE-04 -c 3E-06 2 1 E-0¢ 0.03 2E-06 -` 7E-08 0.03 2E-06

Benzo(a)pyrene -` 9E-06 -c -° ° 9E-06 ° 2E-07 -` ` ` 2E-07

Total 10 1E-04 -c 3E-06 - - 0.03 2E 06' ` 7E-08 - -

High Priority Waste Site Total 2 1E-04 0.03 2E-06

° Hazard quotient.
b Lifetime incremental cancer risk.
c No RfD or SF available to evaluate this pathway.
d Hazard index.
= Not applicable.

Note: Shaded area indicates screening criterion exceeded.

n
^
m
z

0



THIS PAGE INTENTIONALLY
LEFT BLANK



WHC-SD-EN-RA-004, Rev. 0

Table 3-1g. Estimated Dose for the Great Basin, Pocket Mouse at the 116-H-1 Trench (0-15 ft).

ontaminant

Activity/
g Soil
(pCi/g)

Activity/kg
Vegetation

(wet)
(Ci/kg)

Dose Rate
( rad/day)

Fractional
Use

Dose Rate
(rad/day)

Cesium-137 400 9.9E-08 Z2E-02 0.51 1.1E-02

Cobalt-60 33 1.3E-08 5.1E-04 0.51 Z6E-04

Europium-152 530 2.1E-07 7.5E-06 0.51 3.8E-06

Europium-154 88 3.5E-08 Z5E-07 0.51 1.3E-07

Europium-155 4 1.6E-09 1.1E-08 051 5.5E-09

Plutonium-238 0.28 1.1E-10 1.3E-06 0.51 6.4E-07

Plutonium-239/240 6.6 Z6E-09 Z8E-05 0.51 1.4E-05

Radium-226 0.78 3.1E-10 ZOE-03 0.51 1.0E-03

Strontium-90 35 1.4E-08 2.9E+00 0.51 1.5E+00

Thorium-228 0.95 3.8E-10 1.0E-09 0.51 5.3E-10

Uranium-233/234 0.53 2.1E-10 5.5E-04 0.51 Z8E-04

Uranium-238 0.61 Z4E-10 5.6E-04 051 Z8E-04

Total Dose 2.96E+00 1.5E+00

Contaminant

Maximum Soil
Concentration

(mg/kg)

Concentration
Vegetation

(wet)

(mg/kg)

Dose Rate
(mg(kg(day)

Fractional
Use

Dose Rate
(mg/kg(day)

Arsenic 37.9 15 9.4E-01 031 4.8E-01

Benzo(a)pyrene 0.81 0.32 6.6E-03 0.51 3.4E-03
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WHC-SD-EN-RA-004, Rev. 0

Table 3-1h. Estimated Dose for the Great Basin Pocket Mouse at the
116-H-1 Trench (0-6 feet).

Contaminant
Activity/g Soil

(pCi/g)

Activity/kg
Vegetation (wet)

(Ci/kg)

Dose Rate
(rad/day) Fractional

Use
Dose Rate
(rad/day)

esium-137 400 9.94E-08 2.23E-02 0.51 1.14E-02

obalt-60 33 1.32E-08 5.10E-04 0.51 2.60E-04

uropium-152 530 2.12E-07 7.46E-06 0.51 . 3.80E-06

uropium-154 88 3.52E-08 2.53E-07 0.51 1.29E-07

Europium-155 4 1.60E-09 1.08E-08 0.51 5.51E-09

lutonium-238 0.28 1.12E-10 1.25E-06 0.51 6.37E-07

Plutonium-239/240 6.6 2.64E-09 2.77E-05 0.51 1.41E-05

trontium-90 35 1.40E-08 2.93E+00 0.51 1.50E+00

otal D'ose 151E+00

3T-1h



THIS PAGE INTENTIONALLY
LEFT BLANK



!k9`

Table 3-2a. Historical and LFI Data Summary for the 116-H-2 Trench. (Sheet I of 2)

w
71

Historical Dataa l.Fl Data QRA Data
Parameter

Maximum
Concentration

1/2 We
(Years)

Maximum
Concentration

Depth
(ft.)

Maximum
Concentration

Depth
(ftb)

Conantraliop
Used in QRA

Rationale for Selection

adionuclides, pG/g Decayed to 1992 1992 2018

sium•134 0.082 2.06 0.00038 1 - • 0.00038 6.0E-08 maximum concentration detected at or above 15 ft.

sium-137 77 302 53 5 - - 53 29 maomum concentration detected at or above 15 ft.

all-60 6.4 5.2 0.75 1 • • 0.75 0.026 maximum concentration detected at or above 15 ft.

uropium-152 27 13.6 12 - • 12 3.2 maximum concentration detected at or above 15 ft.

uropium-154 6.2 8.8 1.8 1 - - 1.8 0.23 maximum concentration detected at or above 15 ft.

uropium-155 25 4.9 0.26 • • 0.26 0.0071 maximum concentration detected at or above 15 ft.

lulonium-239/240 0.13 24,000 0.13 - • 0.13 0.13 maximum concentration detected at or above 15 ft.

olassium-40 - 1.3E+09 - • 13 15 13 13 maximum concentration detected at or above 15 ft.

adium-226 - 1,600 • - 05 15 05 05 maodmum concentration detected at or above 15 ft.

Ironlium-90 73 28 49 1 - • 49 26 maximum concentration detected at or above 15 ft.

orium-228 - 1.9 - - 0.63 15 0.63 5.OE-05 maximum concentration detected at or above 15 ft.

Ihorium-232 - 1AE+10 - - 0.35 10 0.35 0.35 ndmum concentration detected at or above 15 ft.

ritium 45 12.3 18 10 • • 18 42 maximum concentration detected at or above 15 ft.

ranium-238 - 4.5E+09 - - 054 15 054 054 mnwnum concentration detected at or above 15 ft.

Total Uranium 0.45 45E+09 0.45 1 - - • • uranium-738 detected in LFl data exceeds historicaa total
uranium concentration

norganics, mg/kg

luminum • - - - 5,640 15 c liminated based on HSBRAMc

arium - - - - 69.9 15 A eliminated based on comparison to backgroundd

alcium - - • • i000 15 c eliminated based on HSBBAMc

romium • • - - 19 15 d eliminated based on comparison to backgroundd

Cobalt - • - - 7.7 15 A iminated based on comparison to backgroundd

Ppef • • • 18.4 15 d liminated based on comparison to backgroundd

ron - - - - 14,700 15 -c eliminated based on HSBRAMC
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Table 3-2a. Historical and LFI Data Summary for the 116-H-2 Trench. (Sheet 2 of 2)

H

Ĉ

Historical Dataa LFl Data QRA Data
Parameter

Maximum

Concentration
1/2 We
(Years)

Maximum

Concentration
Depth

(ft)
Maximum

Concentration
Depth
(R.b)

Concentration
Used in QRA

Rationale for Selection

Lead 4 15 a eliminated based on comparison to backgroundd

egnesium - - - - 4,720 15 -c eliminated based on HSBRAMe

enganese - - - - 246 15 d. eliminated based on comparison to backgroundd

tckel - - - - 24.4 15 A lel iminated based on comparison to backgroundd

otassium - - - - 916 15 c limineted based on HSBRAMc

anadium - - - - 34b 15 a iminaled based on comparison to backgroundd

'nc - - - - 35.7 15 -d liminated based on comparison to backgroundd

indicates parameter was not analyzed for or not reported.
'Dorian and Richards 1976 radiological data (1978).
Depth indicated is the top of the sampling depth.
Al, Ca, Fe, Mg. K and Na are eliminated from further consideration as recommended in HSBRAM (DOE-RL 1993a).
.Maximum concentration compared to contaminant specific 95% UIL on Table 2-1 and eliminated because it did not exceed background.
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Table 3-2b. Preliminary Risk-Based Screening for Radioactive Soil Contaminants at the 116-H-2 Trench.

w
H

^

Parameter Maximum Soil Oral SFa Soil Concentration Inhalation SFa Soil Concentration External•SFa Soil Concentration
Concentration (pG)-' at Oral (pG)-' at Inhalation (pG-yr/g)'' at External

in 1992 ICR = tE-07 ICR = 1E-07 ICR = 1E-07

(PC+18) (PCj/g)

Cesium-134 0.00038 4.1E-11 1.9 28E•11 330 52E-06 0.00064

:^.Cesium437 53 28E-11 ; 27 1.9E-11 480 2.0E-06 9A017::

Cobalt•60 15E-11 5.1 15E-10 61 86E-06 Q.d1039;

Europium•152 12 21E-12 36 l.lE-10 83 3.6E-06 . 0.00493'

Europium-154 1.8 3.0E•12 25 1.4E-10 65 4-fE-06 O.OOOSY;::

Europium-155 026 45E•13 170 1.8E•11 510 5.9E-08 QOS(r

Plutonium 239/240 0.13 23E•10 0.33 3.8E-08 024 27E•11 120

Potassium40 13 % 1.1E-11 6.9 7.6E-12 1,700 5.4E-07 0.0062"

Radium-226 05 1.2E-10 0.63 3.0E-09 3 6.0E-06 0.00056::

Slronlium•90 49 3.6E-11 21 6.2E-I1 150 b b

Thorium-228 0.63 SSE-il 1.4 7.8E-08 on 5bE-06. OA006

Thorium-232 0.35 12E-11 6.3 18E-08 •' p33 2.6E-11 130

Tritium 18 5.4E-14 1,400 7.8E-14 1.2E+05 b b

Uranium-238 054 28E-11 2.7 52E-08 0.18 3.6E-08 0.093

°Health Effects Assessment Summary Tables (HEAST, EPA 1992)
bNot an external exposure hazard
ICR = Lifetime incremental tancer risk
SF = Slope factor
Note: Shaded area indicates screening criterion exceeded.
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Table 3-2c. Summary of the Risk Assessment for Radioactive Contaminants in 1992 at the 116-H-2 Trench.

^

Contaminant Frequent-Use Scenario Occasional-Use Soenario

Pathway Contaminant Pathway Contaminant

Soil Ingestion Fugitive Dust
Inhalation

External
Exposure

Total
Soil Ingestion Fugitive Dust

Inhalation
External
Ertposure

Total

ICRa lCRa ICRa Iqte lCRa lpte

Cesium-137 2E-06 lE-08 3E-03 3E-03 4E-08 2E•10 , 2@$ , 2E-05

Cobalt-60 IE-08 IE-09 2E-04 2E-0¢ 3E-10 2E-11 .i^ 1E-06

Europium-152 3E-08 1E-08 1E-03 1E03 6E-10 3E-10 7.E-06 7E4%

Europium-154 7E-09 3E-09 2£-04 2E-04 IE•10 5E-11 .1.E^ lE-06

Europium-155 2E-10 5E-11 4E-07 4E-07 3E-12 IE-12 2E-09 2E-09

Potassium40c 2E-07 IE-09 2E-04 2£•04 4E-09 2E-11 IE-06

Radium-226 BE-08 211-08 7E-05 7E-05 2E-09 3E-10 5E-07 5E-07

Stronlium-90 2£-06 3E-08 -6 2E-06 4E-08 6E-10 b 4E-08

Thorium-228 5E-08 5E-07 8E-05 8E-05 9E-10 lE-08 5E-07 .SE-07

Thorium-232 6E-09 IE-07 2E-10 IE-07 lE•10 2f--09 IE-12 2E-09

Uranium-238 2E-08 3E-07 5E-07 8E-07 4E40 6E-09 3E-09 9E-09

Total 4£-06 IE-06 SE03 - 9E-08 2E-08 3E-Q5 -

High Priority Waste Site Total 5E-03 -'.3E-05

°Lifetime incremental cancer risk
bNot an external exposure hazard.
cNot of anthropogenic origin.
= Not applicable.

Note: Shaded area indicates screening criterion exceeded.
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Table 3-2d. Summary of the Risk Assessment for Radioactive Contaminants in 2018
at the 116-H-2 Trench.

Contaminant Frequent-Use Scenario

Pathway Contaminant
Total

Soil Ingestion Fugitive Dust External
Inhalation Exposure

ICRa ICRa ICRa

Cesium-137 1E-06 6E-09 1E-03 +: 1E-03

Cobalt-60 5E-10 4E-11 5E-06 tjE,06

Europium-152 9E-09 4E-09 3E-04 3^ Q4

Europium-154 9E-10 3E-10 2E-05 2E-05

Europium-155 4E-12 1E-12 1E-08 1E-08

Potassium-40c 2E-07 1E-09 2E-04 2E-04

Radium-226 8E-08 2E-08 7E-05 { 7E-05

Strontium-90 lE-06 2E-08 -b 1E=06

Thorium-228 4E-12 4E-11 7E-09 7E-09

Thorium-232 5E-09 1E-07 2E-10 1E-07

Uranium-238 2E-08 3E-07 5E-07 8E-07

Total 2E-06 4E-07 2E-03 -

High Priority Waste Site Total 2E-03

aLifetime incremental cancer risk
bNot an external exposure hazard.
cNot of anthropogenic origin.
- = Not applicable.

Note: Shaded area indicates screening criterion exceeded.
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Table 3-2e. Estimated Dose for the Great Basin Pocket Mouse at the 116-H-2 Trench (0-15 ft).

Contaminant
Activity/
g Soil
(pCi/g)

Activity/kg
Vegetation

(wet)
(Ci/kg)

Dose
Rate

(rad/day)

Fractional
Use

Dose Rate
(rad/day)

Cesium-137 53 1.3E-08 3.OE-02 1 3.OE-02

Cobalt-60 0.75 15E-10 1.2E-05 1 1.2E-05

Europium-152 12 4.8E-12 1.7E-07 1 1.7E-07

Europium-154 1.8 7.2E-13 5.2E-09 1 5.2E-09

Europium-155 0.26 1.0E-13 7.OE-10 1 7.0E-10

Plutonium-239/240 0.13 3.6E-12 0.54E-06 1 0.54E-06

Radium-226 0.5 2.0E-11 1.3E-03 1 1.3E-03

Strontium-90 49 3.7E-07 41E+00 1 4.1E+00

Thorium-232 0.35 1.4E-14 3.3E-10 1 4.1E+00

Uranium-238 0.45 2.2E-10 4.9E-04 1 4.9E-04

Total Dose 4.1E+00
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Table 3-2f. Estimated Dose for the Great Basin Pocket Mouse at the 116-H-2 Trench (0-6 feet)

Contaminant
Activity/
g Soil

(pCi/g)

Activity/kg
Vegetation

(wet)
(CVkg)

Dose
Rate

(rad/day)

Fractional
Use

Dose Rate
(rad/day)

Cesium-137 53 1.3E-08 3.OE-02 1 3.OE-02

Cobalt-60 0.75 1.5E-10 1.2E-05 1 1.2E-05

Europium-152 12 4.8E-12 1.7E-07 1 1.7E-07

Europium-154 1.8 7.2E-13 5.2E-09 1 5.2E-09

Europium-155 0.26 1.0E-13 7.OE-10 1 7.OE-10

Plutonium-239/240 0.13 3.6E-12 0.54E-06 1 0.54E-06

Strontium-90 49 3.7E-07 4.1E+00 1 4.1E+00

Total Dose 4.1E+00
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Table 3-3a. Historical and LFI Data Summary for the 116-H-3 French Drain. (Sheet 1 of 2)

W
74
a

Historical Dalaa LI•7 Data QRA Data
Parameter

Maximum
Concentration

1/2 Life
(Years)

Maximum
Concenlralion

Depth Maximum
(ft.) Concentration

Depth
(ft.b)

Concentration
Used in QRA

Rationale for Selection

adionuclides, pQ/g Decayed to 1992 1992 2018

sium•137 210d 30.2 150 4 - - 150 80 maximum concentration detected at or above 15 ft.

all-60 110d 5.2 13 4 13 15 13 0.41 maximum concentration detected at or above 15 ft.

uropium-152 72e 13.6 32 4 0.54 15 32 85 maximum cuncentration detected at or above 15 ft.

ropium-154 17e 8.8 4.8 4 - - 4.8 0b2 maximum concentration detected at or above 15 ft.

uropium-155 2.2 4.9 0.22 15 • - 0.22 0.0062 maximum concentration detected at or above 15 ft.

lutonium-239/L40 0.27 2,4,000 0.27 15 - - 0.27 0.27 maximum concentration detected at or above 15 ft.

otassium-40 • 1.3E+09 - - 9.8 15 9.8 9.8 maximum concentration detected at or above 15 ft.

adium-226 - 1,600 - - (0.45) (20) - - ot detected at or above 15 A

tronlium-90 0.56 28 0.38 15 • - 0.38 0.20 maximum concentration detected at or above 15 ft.

orium-228 - 1.9 - - 058 15 058 4.6Ed5 maximum concehtration detected at or above 15 ft

orium•732 - IAE+10 0.44 15 0.44 0.44 maximum concentration detected at or above 15 ft.

rilium 4.4 12.3 18 15 - • 1.8 0.41 maximum concentration detected at or above 15 ft.

ranium-733/134 - 2.4E+05 - - (0.35) (20) - - not detected at or above 15 ft.

ranium-238 45E+09 • - 058 15 058 058 aaimum concentration detected at or above 15 ft.

norganics, mgikg

luminum - - - - 5,2A0 15 wc Iiminated based on HSBRAM°

arium • - - - 42.5 15 .1 liminated based on comparison to backgoundt

cium - - - - 4,990 15 c Iiminaled based on HSBRAMc

romium - - • - 105 15 j iminated based on comparison to backgroundf

^obalt - - - - 9.2 15 f
11

Y

liminated based on comparison to backgroundf
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Table 3-3a. Historical and LFI Data Summary for the 116-H-3. French Drain. (Sheet 2 of 2)

W

71

tS

Historical Dataa LFI Data QRA Data
Parameter

Maximum 1/2 We Maximum Depth Maximum Depth Concentration Rationale for Selection
Concentration (Years) Concentration (ft.) Concentration (R.b) Used in QRA

pper - - - - 12.9 15 eliminated based on comparison to backgroundf

(225) (20)

ron 15,900 15 -c eliminated based on HSBRAMc

ad - - - - (8.6) (20) not detected at or above 15 ft.

agnesium - - - - 3,690 15 -c eliminated based on HSBRAMc

anganese - - - - - 231 15 -f eliminated based on comparison to backgroundf

ickel - - - - 9.6 15 ^ eliminated based on comparison to backgroundf

'otassium - - - - 739 15 ^ eliminated based on HSBRAMc

anadium - - - - 47.1 15 eliminated based on comparison to backgroundf

inc - - - - 39.1 15 J iminated based on comparison to badcgroundl

rganics, pgAcg

iethylphthalale - - - - (73p) (20) - ot detected at or above 15 ft.

) indicates maximum concentration detected at depths greater than 15 ft.
indicates parameter was not analyzed for or not reported.
Doiian and Richards 1976 radiologicd data (1978).
'Depth indicated is the top of the sampling depth.
AI, G, Fe, Mg. K and Na are eliminated from further consideralion as recommended in HSBRAM (DOE-RL 1993a).
Preliminary characterization samples taken in 1961. The results were decayed to 17/30/75. Samples were taken 2 1/2 ft away from the French drain.
$amples were taken 4 ft away from the French drain.
Maximum concentration compared to contaminant specific 95% flfl, on Table 2-1 and eliminated because it did not exceed background.
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Table 3-3b. Preliminary Risk-Based Screening for Radioactive Soil Contaminants at the 116-H-3 French Drain.

Parameter Maximum Soil Oral SFa Soil Concentration Inhalation SFa Soil Concenlration External SFa Soil Concentration
Concentration (pG)' at Oral (pG)'' at Inhalation (p4-yr/g)'' a1 Fxtemal

in 1992 ICR = IE-07 ICR a 1E-07 1CR = lE-O7

^
w
Q

Cesium-137 150 28E-11 2.7 1.9E-11 480 20E-06 0.0017

Cobaltfi0 13 15E-11 5.1 15E-10 61 8.6E-06 0.00039

Europium-152 32 2.IE-12 36 1.1E•10 83 3.6E-06 ' 0.00093

Europium-154 3.OE-12 25 1.4E-10 65 4.1E-06 0.00081

Europium-155 0.22 45E-13 170 1.8E-11 510 5.9E-08 0.056

Plutonium 239/!40 0.27 2.3E-10 0.33 3.8E-08 0,24 27E-11 120

Potassium 40 9.8 1.1E-11 6.9 7.6E-12 1,2011 5.41307 0.0062

Strontium-90 038 3.6E-11 2.1 62E-11 150

b b

7horium-228 058 5SE-11 1.4 7bE-0B 0.12 5bE-06 ' pA00G

Thorium•232 0.41 12E-11 6.3 2.8E-08 0.33'VU, 2612,11 130

Tritium 1.8 5.4E-14 1,400 7.8E-14 12E+05 b b

Uranlum-238 0S8 28E-11 27 52E-08 0.18 3.6E-08 0.093

aHealth Effects Assessment Summary Tables (1-IEAST, EPA 1992b)
bNot an external exposure hazard
ICR = l.ifelime incremental cancer risk
SF = Slope factor
Note: Shaded area indicates screening criterion exceeded.
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Table 3-3c. Summary of the Risk Assessment for Radioactive Contaminants in 1992 at the 116-H-3 French Drain.

w
^W
n

Contaminant Frequent-Use Scenario - Occasional-Use Scenario

Pathway Contaminant Pathway Contaminant

Soil Ingestion Fugitive Dust
Inhalation

External
Exposure

Total
Soil Ingestion Fugitive Dust

Inhalation
External
Exposure

Total

ICRa 1CR4 1CRa 1CRe 1CRa 1CRa

Cesium-137 5E-06 3E-08 7E-03 7E-03 lE-07 6E-10 4E-05 4E-OS

Cobalt-60 3E-07 2E-08 -^- 313-03 313-03 513-09 4E-10 2E-0S 28-05

Europium-152 913-08 413-08 311-03 3E-03 213-09 7E-10 2E-05 2E05

Europium-154 213-08 7E-09 5E-04 5E-04 413-10 1E-10 3E-06 3$06

Europium-155 1E-10 413-11 3E-07 3E-07 2E-12 8E-13 213-09 2E-09

Plulnnium-239/L10 8E-OB 1E-07 213-10 2E-07 213-09 2E-09 1E-12 4E-09

Potassium40o lE-07 813-10 1E-04 1£-04 3E-09 213-11 BE-07 8E-07

7horium-228 4E-08 SE-07 8E-05 8E-05 813-10 1E-08 513-07 5E-07

Thorium-232 7E-09 1E-07 3E-10 1E-07 1E-10 313-09 213-12 3E-09

Uranium-238 2E-08 3E-07 5E-07 813-07 4E-10 6E-09 3E-09 9E-09

Total 6E-06 lE-08 >1E-02 lE-07 2E-08 BE-OS -

High Priority Waste Site Total >1PrOZ 8E-05

aLifetime incremental cancer risk
bNot an external exposure hazard.
cNot of anthropogenic origin.
= Not applicable.

Note: Shaded area indicates screening criterion exceeded.
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Table 3-3d. Summary of the Risk Assessment for Radioactive Contaminants in 2018
at the 116-H-3 French Drain.

F.:3
^°Y3

^ .v4

r._

,e^1,

Contaminant Frequent-Use Scenario

Pathway Contaminant

Soil Ingestion Fugitive Dust
Inhalation

Extemal
Exposure

Total

ICRa ICRa ICRa

Cesium-137 3E-06 2E-08 4E-03 44E-03

Cobalt-60 8E-09 7E-10 8E-05 5E-05 ,;

Europium-152 2E-08 1E-08 7E-04 7E-04

Europium-154 2E-09 1E-09 6E-05 6E-05

Europium-155 4E-12 1E-12 9E-Q9 9E-09

Plutonium-239j240 8E-08 1E-07 2E-10 2E-07

Potassium-40c 1E-07 8E-I0 1E-04 IE-04

Thorium-228 3E-12 4E-11 6E-09 6E-09

Thorium-232 7E-09 1E-07 3E-10 1E-07

Uranium-238 2E-08 3E-07 5E-07 8E-07

Total 3E-06 SE-07 5E-03

High Priority Waste Site Total 5E-03

aLifetime incremental cancer risk
bNot an extemal exposure hazard.
cNot anthropogenic origin.
- = Not applicable.

Note: Shaded area indicates screening criterion exceeded.
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Table 3-3e. Estimated Dose for the Great Basin Pocket Mouse at the
116-H-3 French Drain (0-15 ft).

Contaminant Activity/g
Soil (pC^/g)

Activity/kg
Vegetation (wet)

(o/kg)

Dose Rate
(rad/day)

Fractional Use Dose Rate
(rad/day)

Cesium-137 150 3.6E-08 8.1E-03 0.001 8.1E-06

Cobalt-60 13 2.60E-09 2.01E-04 0.001 2.01E-07

Europium-152 32 1.3E-11 4.5E-07 0.001 45E-10

Europium-154 4.8 1.9E-12 1.4E-08 0.001 1.4E-11

Europium-155 0.22 8.8E-14 5.9E-10 0.001 5.9E-13

Plutonium-239/240 0.27 7.6E-12 1.1E-06 0.001 1.1E-09

Strontium-90 0.38 2.89E-09 3.18E-02 0.001 3.18E-05

Thorium-228 058 2.3E-14 6.3E-10 0.001 6.3E-13

Thorium-232 0.44 1.8E-14 4.1E-10 0.001 4.1E-13

Uranium-238 058 2.3E-10 5.3E-04 0.001 5.4E-07

Total Dose 3.2E-01 3.2E-04
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Table 3-3E Estimated Dose for the Great Basin Pocket Mouse at the
116-H-3 French Drain (0-6 feet)

r`-ill

Contaminant
Activity/g

(pCi/g)

Activity/kg
Vegetation

(wet)
(cVkg)

Dose
Rate
(rad/day)

Fractional
Use

Dose Rate
(rad/day)

Cesium-137 150 3.7E-08 8.3E-03 0.001 8.3E-06

Europium-152 32 1.3E-11 4.5E-07 0.001 4.5E-10

Europium-154 5 1.9E-12 1.4E-08 0.001 1.4E-11

Total Dose 8.3E-06

Cobalt-60 was not calculated since concentration was <7/100 pCi/g.
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Table 3-4a. Historical and LFI Data Summary for the 116-H-7 Retention Basin. (Sheet I of 3)

W

Wslorical Dala" 1FI Data QRA Data
Parameler

Maximum
Concentration

1/2 We
(Years)

Maximum
Concentration

Depth Maximum

(ft.) Concentration
Depth
(ft.b)

Concentration
Used in QRA

Rationale for Selection

Radionuclides, pG/g Decayed to 1992 1992 2018

Americium-241 - 432 - - 0.72 10 0.72 0.69 maximum concenlration detected at or above 15 ft.

Carbon-14 - 5,700 - - 33

(34)

8

(20)

33 33 maximum concentration detected at or above 15 ft.

Cesium-134 1,7A0d 2.06 5Sd 3 - - 55' 0.00087 maximum concentration detected at or above 15 ft.

Cesium-137 2,900d 30.2 2000d 4 35 10 2,000 1,100 maximum concentration detected at or above 15 fl.

Cobalt-60 18,O00d 5.27 2200d 5 36 10 2,2IX7 72 maximum concentration detecied at or above 15 R.

Europiurn-152 39,000d 13.6 17,000d 5 260 10 17,000 4,600 maximum concentration detected at or above 15 ft.

Eurupium-154 20,000d 8.8 5,700d 5 37 10 5,700 730 maximum concentration detected at or above 15 R.

Europium-155 6,21qd 4.96 660d 4 - - 660 19 maximum concentration detected at or above 15 ft.

Nickel-63 2QOOOd 100 18,000d 5 - - 18,000 15,000 maximum concentration detected at or above 15 R.

Plutonium-238 7.7d 87.8 6.8d 4 - - 6.8 5.5 maximum concentration detected at or above 15 R.

Plulonium-239/L10 200d 24,000 200d 4 1.3 10 200 200 maximum concentration detected at or above 15 ft.

Potassium-40 - 1.3E+09 - - 33 10 33 33 maximum concentration detected at or above 15 ft.

Radium-226 - 1,600 - - 0.65 15 0.65 0.64 maximum concentration detected at or above 15 R.

Strontium-90 350d 28.6 240d 4 3.2 8 240 130 maximum concentration detected at or above 15 ft.

Technetium-99 - 2.IE+05 - - 0.26 15 0.26 0.26 maximum concentration detected at or above 15 ft.

Thorium-228 - 1.9 - - 0.81 15 o.gl 65E-05 maximum concentration detected at or above 15 ft.

Thorium-232 - 1.4E+10 - - 0.41
(0.44)

1
(20)

0.41 0.41
^

maximum concentration detected at or above 15 ft.

Tritium 370d 12.3 150d 4 - - 150 35 maximum concentration detected at or above 15 N.

Uranium-235 - 7.8E+08 - - 0.38 10 - - total uranium from historical data used

Uranium-238 - 45E+09 - - 0.69 1 - - maximum concentration detected at or above 15 ft.
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Table 3-4a. Historical and LFI Data Summary for the 116-H-7 Retention Basin. (Sheet 2 of 3)

Historical Dataa LFI Data QRA Data
Parameter

Maximum
Concentration

12 We
(Years)

Maximum
Concentration

Depth
(N.)

Maximum
Concentration

Depth
(ft.h)

Concentration
Used in QRA

Rationale for Selection

Decayed to 1992 1992 7018

Total Uraniuml 4.7d 45E+09 4.7d 5 - - 4.7 4.7 maximum concentration detected at or above 15 ft.

Zirconium-95 64 • - 0.56 1 0.56 1.1E-45 maximum concentration detected at or above 15 ft.

Inorganics, my/lcg

Aluminum • -' - • 9,070 1 -c eliminated based on HSBRAMc

Arsenic 47 1 47 concentration detected at or above 15 ft.

Barium 94 1 ? eliminated based on comparison to backgrounde

Calcium • - - - 8,670 8 -c eliminated based on HSBRAM°

Chromium 283 10 28.3 matimum concentration detected at or above 15 ft.

Cobalt 9.2 1 ° eliminated based on comparison to backgrounde

Copper - - - - 23.4 10 e eliminated based on comparison to backgrounde

Iron • • . - 19,000 1 -c eliminated based on HSBRAMc

Lead • • . - 540 1 540 maximum concentration detected at or above 15 ft.

Magnesium - - - - 4,630 1 -c eliminated based on HSBRAMc

Manganese 325 1 e eliminated based on comparison to backgrounde

Mercury • • . . 1.1 10 -e eliminated based on comparison to backgrounde

Nickel - - • - 12.7 15 e eliminated based on comparison to backgrounde

Potassium 1,770 1 c eliminated based on HSBRAMc

Vanadium • . . . 40 1 eliminated based on comparison to backgrounde

Zinc • • - - 83.1 10 83.1 maximum concentration detected at or above 15 ft.
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Table 3-4a. Historical and LFI Data Summary for the 116-H-7 Retention Basin. (Sheet 3 of 3)

AL
w
n

FBstoricd Dataa LFl Data QRA Data
parameter

Maximum 1/2 Life Maximum Depth Maximum Depth Concentration Rationale for Selection
C-0ncenlration (Years) Concentration (ft.) Concentration (fLb) Used in QRA

Organics, µg/kg

Toluene - - - - 49 8 49 maximum concenUation detecled at or above 15 R.

O indicates maximum concentration detected at depths greater than 15 ft.
indicates parameter was not andyzed for or not reported.

aDorian and Richards 1976 radiological data (1978).
bDepth indicated is the top of the sampling depth.
cAl, Ca, Fe, Mg, K and Na we eliminated from further consideration as recommended in HSBRAM (DOE-RL 1993a).
dHislori<al data were taken from basin fill sludge samples.
eMaximum concentration compared to contaminant specific 95% LIfL on Table 2-1 and eliminated because it did not exceed background.
tUranium isotope is not specified. Assumed to be uranium-238 (see Chapter 2).
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Table 3-4b. Preliminary Risk-Based Screening for Radioactive Soil Contaminants at the 116H-7 Retention Basin.

Paremeter Maximum Soil Oral SF° Soil Concentration Inhalation SF° Soil Concentration External SFe Soil Concentration
Concentration (pG)-1 at Oral (pG)-1 at Inhalation (pG-yr/g)-t et Eatemd

in 1992 ICR = IE-07 ICR - 1F:07 ICR = lE-07

a
Q

Americium-2,41 0.72 24E-10 0.32 : 3.2E-08 039 4.9E-09 , q;68

Carbon-14 33 9.0E-13 85 6.4E-15 IAE+06 b b

Cesium-134 55 4.1E-11 1.4 2.8E•11 330 518-06 OA0064

Ce3ium-137 2,000 28E-11 27 1.9E•11 4811 20E-06 OAOl7

Coba1l-60 212M 15E•11 5.1 15E•10 61 8.6E-06 0.00039

Europium-152 17,00) 21E-12 36 1.1E•10 83 3bE-06 0.00093

Europium-154 5,700 3.OE-12 25 1.4E-10 45 4.1E-06 QQBll81

Europium-155 660 45E-13 170 1.5E-11 510 5.9E-08 OA¢6

Nickel•63 18,000 24E•13 320 1.SE-12 5,100 6 6

Plutonium-238 6.8 22E-10 035 3.9E-08 623 28E-11 120

Plutonium239/lq0 200 23E-10 0.33 3.8E-09 • 0.24 27E-11 1.20

Potassium 40 33 1.1E-I1 6.9 7.6E-12 1,2I0 5.4E-07 0.0062

Redium-226 0b5 12E-10 0.63 3.0E-09 3 6AE-06 = 10A0054

Stronlium-90 240 3.6E-11 21 6.2E-11 150 b b

Technetium•99 0.26 13E-12 59 8.3E.12 1,100 6.0E-13 5,600

Thorium-228 0.81 5SE•11 1.4 7.5E-0g 0.12 5.6E-06 Q(p06

Thorium-232 0:41 12E•11 6.3 28E-08 0,33 26E-11 130

Tritium 150 5.4E-14 1,400 7.8E•14 12E+05 -b b

Uranium-238 4.7 28E-11 27 52E-08 0.18 3bE-08 693

Zirronium-45 OSb 9.9E-13 77 lAE-il 910 2.5E-06 OA013

°Health Effects Assessment Summary Tables (11EAST, EPA 1992)
bNot an external exposure hstard
ICR = Lifetime incremental cancer risk
SF - Slope factor
Note: Shaded area indicates screening crilerion exceeded.
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Table 3-4c. Preliminary Risk-Based Screening for Non-Radioactive Soil Contaminants at the 116-H-7 Retention Basin.

Parameter Maximum Oral RfD Soil Inhalation RfD Soil Oral SF Soil Inhalation SF Soil Regulatory
Soil (mgAcg-d) Concentration (mgAcg•d) Concentration (mgilcg-d) 1 Concentration (mgAcg-d)-1 Concentration Soil

Concentration at Oral at Inhalation at Oral at Inhalation Cleanup
(mgAcg) HQ=0.1 HQ=0.1 ICR a lE-07 ICR = lE-07 GuideEnes

(merkr) (mgfkr) (mor) (m&&g) (mgArg)

INORGANICS

Arsenic 47 3.0E-04a 2.4 c c 19E+110af 0D38 SAE+01a•g 1.19

Chromiuml 28.3 5.0E-03a 40 c c d d 4.1E+01a 0.4

Lead 540 -c c c c c c e c 500•1000e

Zinc 83.1 3.0E-014 2,400 c .c -d d -d -d

ORGANICS

Toluene 0.049 2DE-0P 1,600 I.lE-0lbj 1.8E+01 -d •d -d -d

alntegraled Risk I nformation System (IRIS, EPA 1993).
bHealth Effects Assessment Summary Tables (HEAST, EPA 1992).
cNo RID or SF available to evaluate this pathway.
dNot classified as a carcinogen or not carcinogenic via this exposure route or pathway.
eEPA 1989.
tBased on proposed arsenic unit risk of SE-O5 µgq. (IRIS, EPA 1993).
gBased on 30% absorption of inhaled arsenic.
lBased on calculation for inhalation of volatiles.
1Chromium evaluated as Chromium V1.
- Not applicable.

HQ = Hazard quotient.
ICR = Lifetime incremental cancer risk
RfD = Chronic reference dose. . '
SF = Slope factor.
Note: Shaded area indicates screening criterion exceeded.
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Table 3-4d. Summary of the Risk Assessment for Radioactive Contaminants in 1992 at the 116-H-7 Retention Basin.

Contaminant Frequent-Use Scenario Occasional-Use Scenario

Pathway Contaminant Pathway Contaminant
Total Total

Soil Ingestion Fugitive Dust External Soil Ingestion Fugitive Dust Exlemd
Inhalation Exposure Inhalation Exposure

1CRa ICRa ICRa ICRa 1CRa ICR&

Americium-241 2E-07 3E-07 8E-08 5E-07 4E-09 511-09 513-10 12-08

Cesium-134 3E-07 2E-09 7E-04 7E-04; 6E-09 3E•11 4E-06

Cesium-137 713-05 4E-07 >1F:02 >lEOIi 4Fr(16 BE-09 -;SE•11{. ^` 6E-04

Coball-60 4E-05 4E-06 >lE-02 >lE-07. 811-07 7E-OB <'.:3FrIXi ; 3E-03

Europium-152 -^: 5E•05 2E-05 >IE-02 >IE-0Z 9E-07 4E-07 9E'03 9E-03

Europium-154 2E-05 9E-06 >lE-02 >IE-02 4E-07 211-07 3E-03

Europium-155 4E-07 lE-07 9E-04 9E-OSi 7E-09 3E-09 6E0" 6&-0(i

Nickel-63 6E-06 4E-07 b 6E-06^-^ lE-07 7E-09 Is lE-07

Plutonium-238 2E-06 3E-06 5E-09 5FA06:-: 9E-08 6E-08 3E-11 IE-07

Plutonium-239/240 6E-05 8E-05 lE-07 lE•04; 1E-06 %2E-06 8E 311-06

Potassium-40c 5E-07 3E-09 4E-04 4E-04 9E-99 5E-11 3Fi-06 3EA6

Radium-226 IE-07 2E-08 .^.9E-05 9E1K 2E-09 4E-10 6E-07 6E-07

Slrontium-90 IE-05 2E-07 b 2E-07 3E•09 b 2E-07

Thorium-228 611-08 7E-07 1E-04 ]E-04 -- 1E-09 1E-08 7E-07 7E-07

Thorium-232 6E-09 11E-07 3E•10 lE-07 TE-10 2E-09 2E-12 2E-09

Uranium-238 2E-07 3E-06: 4E-06 7E06 ^:. 3E-09 5E-08 3E-08 8E-08

Zirconium-95 7E-10 6E-11 3E-6 3E-05''. IE-11 lE•12 2E-07 2E-07

Total 313-04 lE-04^ ilE•02 - .^ 9E-06 3E-06: YIE^ -

High Priority Waste Site Total >1E-07, >1E02

aLifetime incremental
cancer

risk
bNol an external exposure hazard.
cNot of anlhropogenic origin.
- = Not applicable.

Note: Shaded area indicates screening criterion exceeded.
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WHC-SD-EN-RA-004, Rev. 0

Table 3-4e. Summary of the Risk Assessment for Radioactive Contaminants in 2018 at the
116-H-7 Retention Basin.

Contaminant Scenario

Pathway Contaminant
Total

Soil Ingestion Fugitive Dust External Exposure
Inhalation

ICRa ICRa ICRa

Americium-241 2E-07 2E-07 8E-08 5E-07

Cesium-134 5E-11 3E-13 1E-07 1E-07

Cesium-137 4E-05 2E-07 >1E-02 >lE-02

Cobalt-60 1E-06 1E-07 >1E-02 >1E-02

Europium-155 1E-08 3E-09 2E-U5' 2E=05

Nickel-63 SE-06 3E-07 6 5E-06

Plutonium-238 2E-06 2E-06 4E-09 4E-06

Plutonium-239/240 6E-05 8E-05 1E-07 1E-04

Potassium-40c 5E-07 3E-09 4E-04 4E-04

Radium-226 lE-07 2E-08 9E=05 9E-05

Strontium-90 6E-06 9E-08 -b 6E-06

Thorium-228 5E-12 6E-11 9E-09 9E-09

Thorium-232 6E-09 1E-07 3E-10 1E-07

Uranium-238 2E-07 3E-06 4E-06 7E-06

Zirconium-95 IE-52 1E-55 6E-50 6E-50

Total 9E-05 9E-05 >1R 02 -

High Priority Waste Site Total >IE-02

aLifetime incremental cancer risk
bNot an external exposure hazard.
CNot of anthropogenic origin.
= Not applicable.

Note: Shaded area indicates screening criterion exceeded.
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Table 3-4f. Summary of the Risk Assessment for Non-Radioactive Contaminants at the 116-H-7 Retention Basin.

Contaminant Frequent-Use Scenario Occasional-Use Scenario

Pathway Contaminant Pathway Contaminant
Totals Totals

Soil Ingestion Fugitive Dust Soil Ingestion Fugitive Dust
Inhalatiori Inhalation

HQa ICRb HQa ICRb HIe ICRb HQa ICRb HQa ICRb HIe ICRb

Arsenic 2 1E-04 ^ 1E-05 2 1E-04 2E-06 ^ 3E-07 0.04 2E-06

Chromium VI 0.07 a ^ 7E-06 0.07 7E-06

[

a ^ 1E-07 0.001 IE-07

Total 2 1E-04 -c 2E-05 • - - 2E-06 . ^ 4E-07 - -

High Priority Waste Site Total 2 1E-041= 0.04 2E-06

a Hazard quotient.
b Lifetime incremental cancer risk.
c No RfD or SF available to evaluate this pathway.
d Not classified as a carcinogen or not carcinogenic via this exposure route or pathway.
e Hazard index.
= Not applicable.

Note: Shaded area indicates screening criterion exceeded.
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Table 3-4g. Estimated Dose for the Great Basin Pocket Mouse at the
116-H-7 Retention Basin (0-I5 ft).

Contaminant Activity/g Soil
(pCi/g)

Activity/kg
Vegetation
(wet) (Ci/kg)

Dose
Rate

(rad/day)

Fractional
Use

Dose Rate
(rad/day)

Ameridum-241 0.72 2.9E-12 4.6E-07 I 4.6E-07

Carbon-14 33 7.3E-08 4.2E-03 1 4.2E-03

Cesium-134 55 55E-10 1.2E-04 I 1.2E-04

Cesium-137 2000 5.0E-07 1.1E-01 1 1.1E-01

Cobalt-60 2200 4.4E-07 3.4E-02 1 3.4E-02

Europium-152 17,000 6.8E-09 2.4E-04 1 2.4E-04

Europium-154 5700 2.3E-10 1.6E-05 1 1.6E-05

Europium-155 660 2.6E-10 1.8E-06 1 1.8E-06

Nickel-63 18,000 7.2E-07 1.5E-02 I 15E-02

Plutonium-238 7 2.OE-10 3.1E-05 1 3.1E-05

Plutonium-239/240 200 5.6E-09 8.4E-04 1 8.4E-04

Radium-226 0.65 2.6E-11 1.6E-03 1 1.6E-03

Strontium-90 240 1.8E-06 2.OE+01 1 2.0E+01

Technetium-99 0.26 2.00E-09 2.2E-02 1 2.2E-02

Thorium-228 0.81 3.2E-14 8.8E-10 1 8.8E-10

Thorium-232 0.41 1.6E-14 3.8E-10 1 3.8E-10

Tritium 150 2.9E-07 1.9E-04 1 1.9E-04

Uranium-238 4.7 1.9E-09 4.3E-03 I 4.4E-03

T.^rconium-95 0.56 1.12E-12 9.03E-08 1 9.OE-08

Total Dose 2.0E+01 2.OE+01

Contaminant Activity/g Soil
(pG/g)

Activity/kg

Vegetation

(wet) (C^/kg)

Dose Rate
(rad/day)

Fractional
Use

Dose Rate
(rad/day)

Arsenic 47 0.752 1.2E+00 1 1.2E+00

Chromium VI 28.3 0.0849 1.3E-01 1 1.3E-01

Lead 540 9.72 15E+01 1 15E+01

Zinc 83 49.8 7.8E+01 1 7.8E+01

3T-4g
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Table 3-4h. Estimated Dose for the Great Basin Pocket Mouse at the
116-H-7 Retention Basin (0-6 feet).

Contaminant Activity/g Soil
(pCi/g)

Activity/kg
Vegetation
(wet) (Ci/kg)

Dose
Rate

(rad/day)

Fractional
Use

Dose Rate
(rad/day)

Ameridum-241 0.72 2.9E-12 4.6E-07 1 4.6E-07

Carbon-14 33 7.3E-08 4.2E-03 1 42E-03

Cesium-134 5.5 55E-10 1.2E-04 1 1.2E-04

Cesium-137 2000 5.OE-07 1.1E-01 1 1.1E-01

Cobalt-60 2200 4.4E-07 3.4E-02 1 3.4E-02

Europium-152 17,000 6.8E-09 14E-04 1 2.4E-04

Europium-154 5700 2.3E-10 1.6E-05 1 1.6E-05

Europium-155 660 2.6E-10 1.8E-06 1 1.8E-06

Nickel-63 18,000 7.2E-07 15E-02 I 15E-02

Plutonium-238 7 2.OE-10 3.1E-05 1 3.1E-0S

F'lutonium-239/240 200 5.6E-09 8.4E-04 1 8.4E-04

Radium-226 0.65 2.6E-11 1.6E-03 1 1.6E-03.

Strontium-90 240 1.8E-06 2.OE+01 1 2.OE+01

Technetium-99 0.26 2.OOE-09 2.2E-02 I 12E-02

Thorium-228 0.81 3.2E-14 8.8E-10 1 8.8E-10

Thorium-232 0.41 1.6E-14 3.8E-10 1 3.8E-10

Tritium 150 2.9E-07 1.9E-04 I 1.9E-04

Uranium-238 4.7 1.9E-09 4.3E-03 I 4.4E-03

Z'uconium-95 036 1.12E-12 9.03E-08 1 9.OE-08

Total Dose 2.OE+01 2.0E+01

Contaminant Activity/g Soil
(pCi/g)

Activity/kg
Vegetation
(wet) (G/kg)

Dose Rate
(rad/day)

Fractional
Use

Dose Rate
(rad/day)

Arsenic 47 0.752 1.2E+00 1 12E+00

Chromium VI 28.3 0.0849 1.3E-01 1 1.3E-01

Lead 540 9.72 1.5E+01 1 1.5E+01

Zinc 83 49.8 7.8E+01 I 7.8E+01

3T-4h



THIS PAGE INTENTIONALLY
LEFT BLANK



^.^'

g

da, ^^,

Table 3-5a. Historical and LFI Data Summary for the 116-H-9 Crib. (Sheet 1 of 2)

w
_71Un

Historical Dataa LF1 Data QRA Data
Parameter

Maximum
Concentration

1/L Life
(Years)

Maximum
Concentration

Depth

(ft.)

Maximum
Concentration

I

Depth
(k.b)

Concentration
Used In QRA I

Rationale for Selection

Radionuclides, Decayed to 1992 1992 2018

Cesium-137 • 302 (029) ( 18) • - not detected at or above 15 R.

Potassium-40 • 1.3E+09 - - 15 3 15 15 maximum concentration detected at or above 15 ft.

Radium-226 1,600 • - 0.64
(0.71)

3
(18)

0.64 0.63 maximum concentration detected at or above 15 B.

7horium-228 • 1.9 - - 12 3 1.2 9.6E•05 maximum concentration detected at or above 15 A.

7horium-232 - 1.4E+10 • • 0.75
(1.10)

3
(18)

0.75 0.75 maximum concentration detected at or above 15 ft.

Uranium-238 - 45E+09 • - 0.47 3 0.47 0.47 maximum ooncentration detected at or above 151L

Inorganics, mg/kg

Aluminum • - - - 74,400 3 •c eliminated based on HSBRAMc

Barium • - - - 672 3 672 maximum concentration detected at or above 15 ft.

Beryllium - • - • 4.7 3 4.7 modmum concentration detected at or above 15 ft.

Calcium - • - - 79,000 3 •c eliminated based on HSBRAMc

Chromium • • • - 114 3 114 maximum concentration detected at or above 15 ft.

Cobalt - • - - 86.4 3 86.4 maximum concentration detected at or above 15 It.

Copper - • • - 195 3 195 maximum concentration detected at or above 15 ft.

Iron - - • • 184,000 3 -c eliminated based on HSBRAMc

Lead - - • - 7.9 3 d eliminated based on comparison to backgroundd

Magnesium - • • - 50,000 3 1 -c1 eliminated based on HSBRAMc

Manganese - - • - 3,050 3 3,050 maximum concentration detected at or above 15 R.

Nickel • • - - 132 3 1 1 132 maximum concentration detected at or above 15 ft.
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Table 3-5a. Historical and LFl Data Summary for the 116-H-9 Crib. (Sheet 2 of 2)

71

w
c

Hislorical Dataa LFI Data QRA Data
Parameter

Maximum 1/2 We Maximum Depth Maximum Depth Concentration Rationale for Selection
Concentration (Years) Concentration ( ft.) Concentration (ft.b) Used in QRA

Potassium - - - - 13,000 3 -c eliminated based on HSBRAMc

Sodium - - - - 2,010 3 -c eliminated based on HSBRAMc

Vanadium - - - - 389 3 389 maximum concentration detected at or above 15 ft.

Zinc - - - - 430 3 43011 maximum concentration detected at or above 15 ft.

() indicates maximum concentration detected at deplhs greater than 15 ft.
- indicates parameter was not analyzed for or not reported. ' -
aDorian and Richards 1976 radiological data (1978).
bDeplh indicated is the lop of the sampling depth.
cAl, Ca, Fe, Mg, K and Na are eliminated from further consideration as recommended in HSBRAM (DOE-RL 1993b).
dMaximum concentration compared to contaminant specific 95% UTL on Table 2-1 and eliminated because it did not exceed background.
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Table 3-5b. Preliminary Risk-Based Screening for Radioactive Soil Contaminants at the 116-H-9 Crib.

Parameter Maximum Soil Oral SFa Soil Concentration Inhalation SFa So0 Concentration Exlemal SFa So0 Concentration
Concentration (pG)' at Oral (p4)'1 at Inhalation (pG•yr)g)'1 at External

in 1992 • ICR = IE-07 ICR - 1E-07 ICR - IE-07

H^̂

Potassium 40 15 1.1E-11 6.9 7.6E-12 1,200 5.4EL7 0A62 'i

Radiumd26r Ob4 12E•10 0.63 3.0E-09 3 6AE-06 ^0.000.56 {

Thorium•228 IZ 55E-11 1.4 7.8E-08 0.12 5.6E-06 O.W06

Thorium-232 0.75 1.2E•11 6.3 28E-08 0.33 2.68-11 130

Uranium-238 0.47 28E•11 2.7 5ZE-08 0.18 3.6E-08 O.OA3 !:

aHealth Effeds Assessment Summary Tables (HEAST, EPA 1992)
ICR = Lifetime incremental cancer risk - •
SF = Slope factor
Note: Shaded area indicates screening criterion exceeded.
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Table 3-5c. Preliminary Risk-Based Screening for Non-Radioactive Soil Contaminants at the 116-H-9 Crib.

!W-3

n

Parameter Maximum Oral RfD Soil Inhalation RID Soil Oral SF Soil Inhalation SF Soil Regulatory
Soil (mgAcg-d) Concentration (mgAcg-d) Concentration (mg/lcg-d)-1 Concentration (mgAcg-d)•1 Concentration Soil

Concentration at Oral at Inhalation at Oral at Inhalation Cleanup
(mg/kg) HQ=0.1 HQ=0.1 ICR - IE-07 ICR - IE-07 Guidelines

(mgAcg) (mgAcg) (mg4g) (mgkg) (mgNtcg)

INORGANICS

Barium 672 7.0E-02a 560 1.0E-046 37A e e ,e e ,

Beryllium 4.7 S.OE-03a 40 d A 43E+00a 0.015 8AE+00a 1:9

Chromium& 114 5.0E-03a 40 A d e e 4.1E+01 0A

Cobalt 86.4 6.0E-02c 480 -d d ,e ,e ,e e

Copper 195 4.0E-02c 320 d d e e e e

Manganese 390 IAE-OIa 1,100 1.1E-04a 350 e e -e -e

Nickel 132 2.0E-02a 160 a a e e 4

Vanadium 389 7.OE-03b 56'.: -d A e e e ,e -

Zinc 430 3.0E-01a 2,400 d d e e e e ,

alntegraled Risk Information System (IRIS, EPA 1993).
bHealth Effects Assessment Summary Tables (HEAST, EPA 1992).
cSuperfund Technical Support Center.
dNo RID or SF available to evaluate this pathway.
eNot classified as a carcinogen or not carcinogenic via this exposure route or pathway
fNickel is not evaluated because it is not present as refinery dust - see Appendix B.
gChromium evaluated as Chromium VI.
- Not applicable
HQ = Hazard quotient
ICR = Lifetime incremental cancer risk
RfD = Chronic reference dose
SF = Slope factor
Note: Shaded area indicates screening criterion exceeded.
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Table 3-5d. Summary of the Risk Assessment for Radioactive Contaminants in 1992 at the 116-H-9 Crib.

^

â

Contaminant Frequent-Use Scenario OcnsionJ•Use Scenario

Pathway Contaminant Pathway Contaminant

Soil Ingestion Fugitive Dust
Inhalation

External
Exposure

Total
Soil Ingestion Fug'i0ve Dust

Inhalation
Eidenul
Expoaure

Total

ICRa ICRa ICRe ICRa IGRa ICRa

Potessium-406 2E-07 IE-09 2E-04 2E-04 4E-09 2E-11 1E-06

Radium•226 1E-07 2E-0s 9E-05 9E-05 2E-09 4E-10 6E-07 6E-07

Thorium•228 9E-08 lE-06 2E-04 2E-04 2E-09 2E-08 lE-06. IE-06

Thorium-232 1E-06 2E-07 56-10 2E-07 2E-10 4E-09 3E•12 4E-09

Uranium-238 2E-06 3E-07 4E-07 7E-07 3E•10 5E-09 3E-09 8E-09

Total 4E-07 2E-06 5E-04 - 9E-09 3E-08 3E-06 -

High Priority Waste Site Total 5E-04 3E4

"Lifetime incremental cancer risk
bNot of anthropogenic origin.
= Not applicable. -

Note: Shaded area indicatea screening criterion exceeded .
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Table 3-Se. Summary of the Risk Assessment for Radioactive Contaminants in 2018
at the 116-H-9 Crib.

Contaminant Scenario

Pathway Contaminant

Soil Ingestion Fugitlve Dust
Inhalation

Pxtertid
Ezposun

Totat

ICRe ICR" ICRa

Potnsium-406 2E-07 1E-09 -. 2E-0# 2E-04

Radium-226 IE-07 9E-05 9EIK

ThorWm•228 7E-12 1E-08 IE-08

Thor{um•232 1E-08

A

5E-10 2E^7

Uranium•238 2E-08 4E-07 7E-07

Totd 3E-07

5E_07

3E-04

ILgh Priority Waste Site Total 3E-04 ...

a[.ifeHma inaementd cancer risk
bNot of anthropogenic origin.
- Not applicable.

Note: Shaded area indicates screening criterion exceeded.
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Table 3-5f. Summary of the Risk Asiessment for Non-Radioactive Contaminants at the 116-H-9 Crib.

^

Contaminant Frequent-Use Scenario Occasional-Use Scenario

Pathway Contaminant Pathway Contaminant
Totals Totals

Soil Ingestion Fugitive Dust Soil Ingestion Fugitive Dust
Inhalation Inhalation

HQa ICRb HQa ICRb Hle ICRb HQa ICRb HQa ICRb HIe ICRb

Barium 0.1 d 0.2 a 0.3 d 0.03 A 0.004 A 0.03 A

Beryllium 0.01 3E-05 -c 2E-07 0.01 3E-05 0.0002 6E-07 -c 5E-09 0.0002 6E-07

Chromium VI 0.3 A -c 3E-05 0.005 A -c 5E-07 0.005 5E-07

Manganese 03 d 0.9 A a 0.14 d 0.02 a 0.16 d

Vanadium 0.7 d ^ d

E

d 0.01 d ^ a o.91 d

Total 1.4 35 1.1 3E-05 0.19 6E-07 0.02 5E-07 -

High Priority Waste Site Total 2_5 6E-05 0.21 IE-06

a Hazard quotient.
b Lifetime incremental cancer risk.
c No RfD or SF available to evaluate this pathway.
d Not classified as a carcinogen or not carcinogenic via this exposure route or pathway.
e Hazard index.
= Not applicable.

Note: Shaded area indicates screening criterion exceeded.
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Table 3-5g. Estimated Dose for the Great Basin Pocket Mouse at the 116-H-9 Crib (0-15 ft).

Contaminant Activity/g
(pCi/g)

Activity/kg
Vegetation (wet)

(Ci/kg)

Dose Rate
(rad/day)

Fractional
Use

Dose Rate
(rad/day)

Radium-226 0.64 2.6E-11 1.6E-03 0.14 2.2E-04

Thorium-228 1.2 4.8E-14 1.3E-09 0.14 1.8E-10

Thorium-232 0.75 3E-14 7.0E-10 0.14 9,8E-11

Uranium-238 0.47 1.9E-10 4.3E-04 0.14 6.OE-05

Total Dose 2.04E-03 2.3E-04

Contaminant
Maximum Soil
Concentration

Concentration
in

Vegetation
(wet)

Dose Rate
(mg/day/kg)

Fractional
Use

Dose Rate
(mg/day/kg)

Barium 672 4.03E+01 6.28E+01 0.14 8.79E+00

Beryllium 4.7 1.88E-02 2.93E-02 0.14 4.10E-03

Chromium VI 114 3.42E-01 5.33E-01 0.14 7.46E-02

Manganese 3050 3.05e+02 4.75E+02 0.14 6.65E+01

Vanadium 389 8.56E-01 1.33E+00 0.14 1.87E-01

.
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Table 3-5h. Estimated Dose for the Great Basin Pocket Mouse
at the.116-H-9 Crib (0-6 feet).

Contaminant
Activity/g
(pG/g)

Activity/kg

Vegetation (wet)

(Ci/kg)

Dose Rate
(rad/day)

Fractional
Use

•
Dose
Rate

(rad/day)

Radium-226 0.64 2.6E-11 1.6E-03 0.14 22E-04

Thorium-228 1.2 4.8E-14 1.3E-09 0.14 1.8E-10

Uranium-238 0.47 1.9E-10 4.3E-04 0.14 6.OE-05

Total Dose 2.04E-03 2.3E-04
gimzcz^

Contaminant
Ma)dmum Soil
Concentration

Concentration
in

Vegetation
(wet)

Dose Rate
(mg/day/kg)

Fractional
Use

Dose Rate
(mg/day/kg)

Barium 672 4.03E+01 6.28E+01 0.14 8.79E+00

Beryllium 4.7 1.88E-02 2.93E-02 0.14 4.10E-03

Chromium VI 114 3.42E-01 5.33E-01 0.14 7.46E-02

Manganese 3050 3.05e+02 4.75E+02 0.14 6.65E+01

Vanadium 389 8.56E-01 1.33E+00 0.14 1.87E-01
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Table 3-6a. Historical and LFI Data Summary for the Process Effluent Pipelines. (Sheet 1 of 2)

Hstorical Data LFI Data QRA Data
Parameter

Maximum
Concentration

112 Life
(Years)

Maximum
CoMenlralion

Depth
(ft.)

Maximum
Concentration

Depth

(ft.)

Concentration
Used in QRA

Rationale (or Selection

SOIL COLUMN ALONG PIPELINE

Radionuclides pG/g Decayed to 1992 199Z 2018

Cesium-137 011496 30.2 0.034 -c 0.034 0.019 maximum concenlralion detected at or above 15 It.

Coball-60 031b 527 0A38 c - - 0D38 0.0012 maximum concentralion detected at or above 15 R.

Europium-152 0.25b 13.6 0.11 c - - 0.11 0.029 mazimum concentration detected at or above 15 ft.

Europium-154 0.28a 8.8 0.079 c - • 0.079 0.010 maximum concentration detected at or above 15 B.

Europium-155 0.36b 4.% 0.039 -c • - 0.039 0.0010 maxim/um concentration detected at or above 15 B.

Plutonium-238 0A27a 87b 0.024 S - - 0.024 0A19 maximum concentration detected at or above 15 ft.

Plutonium-239/7,40 0.144 2.4E+04 0.14 c - • 0.14 ' 0.14 maximum concentration detected at or above 15 ft.

Strontium-90 0.13a 28.6 0.088 -c - • 0.088 0.047 maaimum concentration detected at or above 15 ft.

Tritium 436 12.3 18 c - - 18 4,0 maximum concentration detected at or above 15 ft.

Uraniumt 036 45E+09 03 c • - 03 03 matimum concentral'ron detected at or above 15 ft.

INLET DISTRIBUTION BOX AND BASIN FILL SLUDGE

Cesium-134 1,200d 206 55 3g - - 5.5 0.00087 maximum concentration detected at or above 15 ft.

Cesium-137 4,200e 30.2 2,900 28 - • 2,900 1,6110 maximum concentration deteded at above 15 N.

Cobalt-60 93,00oe 5.27 11,000 28 - - 11,000 370 maximum concentration detected at or above 15 It.

Europium-152 59,000e 13.6 26,000 2g - - 26,000 6,900 maximum concentration detected at or above 15 B.

Europium-154 20,000d 8.8 5,700 58 - - 5,700 730 maximum conceptration detected at or above 15 ft.

Europium-155 6,200d 4.% 660 49 - • 660 18 maximum concentration detected at or above 15 ft.

Nickel-63 20,000d 100 18,000 58 - • 18,000 15,000 maximum concentralion detected at or above 15 B.
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Table 3-6a. Historical and LFI Data Summary for the Process Effluent Pipelines. (Sheet 2 of 2)

^-1

Historicaa Dala LFI Data QRA Data
Parameter

Maximum 1/2 We Maximum Depth Maximum Depth Concentration Rationale for Selection
Concentration (Years) Concentration (ft) Concentration (ft.) Used in QRA

Radionuclides Decayed to 1992 1992 2018

Plulonium-238 lle 87.8 9.7 28 - - 9.7 7.9 maximum concentration detected at or above 15 ft.

Plutonium-2^/lA0 230e 2.4E+04 230 28 230 230 maximum concentration detected at or above 15 ft.

Strontium-90 1,400e 28.6 950 28 - . 950 510 maximum concentration detected at or above 15 ft.

Tritium 1,e 12.3 650 28 - - 650 150 mmtimum concentration detected at or above 15 ft.

Uraniumf 4.7d 4.4E+09 4.7 59 - - 4.7 4.7 madmum concentration detected at or above 15 ft.

- indicates parameter was not analyzed for or not reported.
aSample taken in 1976 from soil column along effluent lines from 116-1-1-7 basin to outfall structure (Dorian and Richards 1978).
b5ample taken in 1976 from soil column along effluent lines to 116-H-7 basin (Dorian and Richards 1978).
cDepth of samples is not available, it is assumed that the sample came from soil above 15 ft.
d5ampie concentration is from 1976 basin fill sludge data (Durian and Richards 1978).
eSample concentration is from 1976 iniet,distribulion box sludge data (Dorian and Richards 1978).
fUranium isotope is not specified. Assumed to be uranium-238 (see Chapter 2).
BAdual depth of process effluent pipelines is approximately 6m (20 ft.).
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Table 3-6b. Preliminary Risk-Based Screening for Radioactive Soil Contaminants at the Process Effluent Pipelines.
(Sheet 1 of 2)

Parameter Maximum Soil Oral SF° Soil Concentration Inhalation Spe Soil Concentration Extemd SFe Soil C.oncentration
Concentration (pCG)-1 at Oral (p6)•1 at Inhalation (pG-7r/g)-1 at Extemd

in 1992 ICR - lE-07 ICR - 1E-07 ICR - 1E-07
(p4/g) (pG/g)

SOIL

Ce5ium•137 0.034 28E-11 2.7 1.9E-11 480 20E-06 • OA017

Cnbalt-60 0:038 15E41 5.1 15E•10 61 8.664)6 '0.00039

Europium-152 0.11 21E•12 36 1.1E-10 83- 3bE-06 0.11093

Europium•154 0,079 3.0E•12 25 1.4E-10 65 4.1E-06 0:0008t

Europium-155 0.039 45E-13 170 1.8E-11 510 5.9E-08 0.056

Plutonium-238 0.024 2.2E•10 0.35 3.9E-08 0.23 28E-11 120

Plutonium239/L40 0.14 2.3E•10 033 3.8E-08 0.24 27E-11 120

Strontium-90 0.088 3.6E•11 2.1 62E-11 150 b b

Tritium l8 5.4E-14 1,400 7.8E-14 11E+Q5 b b

Uranium^ 03 2.8E-11 27 52E-08 0.18 3.6E-06 0.093

SLUDGE

Cesium-134 55 4.1E-11 1.9 2.8E-11 330 52E-06 0.00064

Cesium-737 2,900 2.8E-11 2.7 1.9E-11 480 20E-06 0.0017

Cobalt-60 11,000 13E•11 5.1 :.: 15E-10 61 8.6E-06 0.00039

Europium452 26,000 21E-12 36 1.1E•10 83 3bE-06 000093

Europium-154 5,700 3.0E•12 25 1.4E•10 65 4.1E-06 0,00081

Europium-155 660 45E-13 170 1.8E-11 510 5.9E-08 0:056

Niclcel-63 18,000 24E•13 320 1.8E-12 5,100 -1' b

Plutonium•238 9.7 22E-10 0.35 ^.. 3.9E-08 0.23 28E-11 120

Plutonium 239/240 230 23E-10 033 3.8E-08 0.24 2.7E-11 120
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Table 3-6b. Preliminary Risk-Based Screening for Radioactive Soil Contaminants at the Process Effluent Pipelines.
(Sheet 2 of 2)

Parameter Maximum Soil Oral SFa Soil Concentration Inhalation SF" Soil Concentration External SFa Soil Concentration
Concentration (PG)-1 at Oral (PG)-1 at Inhalation (PG-yr/g)-1 at External

in 1992 ICR = lE-07 ICR = lE-07 ICR m 1E-07

(PCI8) (pCVg)

Strontium-90 950 3.6E-11 2.1 62E-11 -: 150 -b b

Tritium "650 5.4E-14 1,400 7.8E-14 1.2E+05 b

Uraniumc 4.7 28E-11 2.7 52E-08 :0.18 3bE-0B 0.093

"Heailh Effects Assessment Summary Tables (NFAST, EPA 1992)
bNot an external exposure hazard
cAssumed to be uranium-238 (see Chapter 2).
ICR = Lifetime incremental cancer risk
SF = Slope (ador
Note: Shaded area indicates screening criterion exceeded .

^
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Table 3-6c. Summary of the Risk Assessment for Radioactive Contaminants in 1992 at the Process Effluent Pipeline. (Sheet 1 of 2)

Conlaminant Frequent-Use Scenario Occasional-Use Scenariu

Pathway Contaminant Pathway Conlaminant
Total Total

SoA Ingestion

I

Fugitive Dust External Soil Ingestion • Fugitive Dust External
Inhalation Eaposure Inhalation Exposure

ICRa ICR" ICR' ICRa ICRa ICRa

SOIL

Cesium-137 lE-09 7E-12 213-06 2E-061: 2E-11 IE-13 IE-08 lE-09

Coball-60 7E-10 6E-11 8E-06 8E-06 lE-Il IE-12 5E-06 5E-06

Europium-152 3Ed0 1E-10 -51E-05 1Ed9 6E-12 3E-12 6E-08 6E-08

Europium-154 3E-10 1E-10 SE-06 8E-06 6E-12 2E-12 SE-09 SE%

Uraniumc lE-OB 2E-07 3E-07 5E-07 2E-10 3E-09 2E-09 SE-09

Total lE-09 2E-07 3E-0.5 - 2E-10 3E-09 2E-07 -

High Priority Wasle Site Total 3E-05 j;.... - ' 2E-07

SLUDGE

Cesium-134 3E-07 2E-09 7E-04 7E-04 6E-09 3E-11 4E-06 4E-06

Cesium-137 IE-04 6E-07 IE-02 >IE-02^ 21i-06 1E-06 .::9FlN 9E-04

Cobalt-60 2E-04 2E-05 >lE-02 >IE-02: :4E-06 4E-07 • 31E-04 >1E-02

Europium-152 7E-05 3E-0S!. 51E-02 >1E-02' .!lE-06 6E-07 >1E-02

Europium-154 2E-45 9E-06 >IE-02 >lE-02^-- 4E-07 2E-07 €4E-03 4E-03:

Europium-155 4E-07 1E-07 9E-04 9E-04 8E-09 3E-09 :':61i-06 6E-06

Nickel-63 613-06 4E-07 -b 6E-06 IE-07 7E-09 b 1E-07

Plulonium-238 3E-06 4E-06 6E-09 7E-06 5E-08 8E-08 4E-11 lE-07

Plutonium-239/lA0 7E-05 lE-04 lE-07 2F:04 1E-06 2F:06 I.E-09 3E-06`

Strontium-90 4E-05 6E-07 b 413-05:'. 9E-07 IE-0B b 9E-07
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Table 3-6c. Summary of the Risk Assessment for Radioactive Contaminants in 1992 at the Process Effluent Pipeline. (Sheet 2 of 2)

Conlaminant Frequent-Use Scenario Occasional-Use Scenario

Pathway Contaminant Pathway Contaminant
Total Total

Soil Ingestion Fugitive Dust External Soil Ingestion Fugitive Dust External
Inhalatioh Exposure Inhalation Exposure

tCRa tCRa iCRa tCRa tCRa tCRa

Uraniumc 2E-07 3E46 4E-06 7E-06 3E-09 5E-08 3E-08 8E-08

Total 5E-0{ -:^ 2E* >11E-02 `! - 9EA6 3E-06 >tE-02

High Priority Waste Site Total >lE-02 >IE-02

al.i(etime incremental cancer risk
bNot an external exposure hazard.
oAssumed to be uranium-238 (see Chapter 2).
= Not applicable.

Note: Shaded area indicates screening criterion exceeded.
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Table 3-6d. Summary of the Risk Assessment for Radioactive Contaminants in 2018
at the Process Effluent Pipeline.

Contaminant Frequent-Use Scenario

Pathway Contaminant

Soil Ingestion Fugitiw Dust
Inhalation

External
Exposure

Total

ICta ICR" IQta

son

Cwsium-137 7E-10 4E-12 9E-07 9E-07

Cobalt-60 2E-11 2E-12 3E-07 3E-07

Europiurn-152 8E-11 4E-11 3E-06 3&06

Europium-154 4E-11 2E-11 - 1&06 1E-06

Uraniumo lE-08 2E-07 3E-07 SE-07

Total 1E-08 2E-07 6E-06 -

I-IIgh Priority Waste Site Total 6$-06

SLUDGE

Cesium-134 5E-11 3E-13 1E-07 IE-07

Cesium-137 6E-05 3E-07 >IE-02 >1E-02

Cabalt-60 7E-06 6E-07 >lE-02 >lE-02

Europium-152 2E-05 8E-06 :^. >lE-02 >1E-02

Europium-154 3E-06 IE-06 >1E-02 >]E-07.

Europium-155 1E-08 3E-09 2E-05 2E-05

Nickel-63 5E-06 3E-07 -b 5E-06

Plutonium-738 2E-06 3E-06 5E-09 5E-06

Plutonium-7391140 7E-0S IE-04 IE-07 2E-04

Strontium-90 2E-05 3E-07 b 2E-05

Uraniumo 2E-07 3E-06 4E-06 7E-06

Total 2E-04 1E-04 >1E-02 -

PLgh Priority Waste Site Total >IE-OZ. ...

aLifetune inaemental cancer risk
bNot an external exposure hazard.
cAssumed to be uranium-238 (see Chapter 2).
- Not applicable.

Note: Shaded area indicates screening criterion exceeded.
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Table 3-6e. Estimated Dose for the Great Basin Pocket Mouse at the 100-HR-1 Process Effluent
Pipelines (0-6 feet).

Contaminant in soil Activity/g Soil
(pCi/g)

Activity/kg
Vegetation (wet)

(CVkg)

Dose
Rate

(rad/day)

Fractional
Use

Dose Rate
(rad/day)

Cesium-137 3.40E-02 8.43E-12 1.89E-06 1 1.89E-06

Cobalt-60 3.80E-02 7.60E-12 5.88E-07 1 5.88E-07

Europium-152 1.10E-01 4.40E-14 1.54E-09 1 1.54E-09

Europium-154 7.90E-02 3.16E-14 2.27E-10 1 2.27E-10

Europium-155 3.90E-02 1.56E-11 1.05E-07 1 1.05E-07

Plutonium-238 2.40E-02 6.72E-13 1.07E-07 1 1.07E-01

Plutonium-239/240 1.40E-01 3.92E-12 5.87E-07 1 5.87E-07

Strontium-90 8.80E-02 6.69E-10 7.37E-03 1 7.37E-03

Tritium 1.80E+01 3.47E-08 2.30E-05 1 2.30E-05

Uranium-238 3.00E-01 1.20E-10 2.73E-04 1 2.73E-04

Total Dose 7.67E-03 7.67E-03

Contaminant in sludge Activity/g Soil
(pCi/g)

Activity/kg
Vegetation (wet)

(Ci/kg)

Dose Rate
(rad/day)

Fractional
Use

Dose Rate
(rad/day)

Cesium-134 5.5 5.50E-10 1.18E-04 1 1.18E-04

Cesium-137 2900 7.19E-07 1.61E-01 1 1.61E-01

Cobalt-60 11,000 2.20E-06 1.70E-01 1 1.70E-01

Europium-152 26,000 1.04E-08 3.65E-04 1 3.65E-04

Europium-154 5700 2.28E-09 1.64E-05 1 1.64E-05

Europium-155 660 2.64E-10 1.78E-06 1 1.78E-06

Nickel-63 18,000 7.20e-07 1.53E-02 1 1.53E-02

Plutonium-238 9.7 272E-10 4.33E-05 1 4.33E-05

Plutoniurn-239/240 230 6.44E-09 9.65E-04 1 9.65E-04

Uranium-238 4.7 1.88E-09 4.28E-03 1 4.28E-03

Tritium 650 3.46E-08 2.30E-05 1 2.30E-05

Strontium-90 950 7.22E-06 7.96E+01 1 7.96E+01

Total Dose 8.00E+01 8.00E+01
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Table 3-7a. Historical and LFI Data Summary for the 116-H-7 Sludge Burial Trench.

W

Historical Data4 IFI Data QRA Data
Parameter

Maximum
Concentration

1/2 Life
(Years)

Maximum
Concentration

Depth
(ft.)

Maximum
Concentration

Depth
(ft.)

Concentration
Used in QRA

Rationale for Selection

Radionuclides, pCi/g Decayed to 1992 1992 2018

Europium-I54 0.21 8.8 0.06 15 - - 0.06 0.0077 maximum concentration detected at or above 15 ft.

Europium-155 0.14 4.96 0.015 15 - - 0.015 0.00040 maximum concentration detected at or above 15 ft.

Strontium-90 0.38 28.6 0.2.6 15 - - 0.26 0.14 maximum concentration detected at or above 15 ft.

- indicates paramcler was not analyzed for or not reported.

a Uorian and Richards 1976 radiological data (1978).
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Table 3-7b. Preliminary Risk-Based Screening for Radioactive Soil Contaminants at the 116-H-7 Sludge Burial Trench.

Parameter Maximum Soil Oral SFa Soil Concentration Inhalation SF" Soil Concentration External SFa Soil Concentration

Concentration (pCi)-1 at Oral (pG)'1 at Inhalation (pG-yr/g)-1 at External

In 1992 ICR = 1E-07 ICR = 1E-07 ICR = 1E-07

(PCJg) (Pcs/g) (PCi/g)

Europium-154 0.06 3.0E-12 25 1.4E-10 65 4.1E-06 0.00081.

Europium-155 0.015 4.5E-13 170 1.8E-11 510 5.913-08 0.056

Strontium-90 0.26 3.6E-11 2.1 6.2E-11 150 b

'fiealth Effects Assessment Summary Tables (HEAST, EPA 1992)

bNot an external exposure harard -
ICR = Lifetime incremental cancer risk
SF = Slope factor
Note: Shaded area indicates screening criterion exceeded. ..
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Table 3-7c. Summary of the Risk Assessment for Radioactive Contaminants in 1992 at the 116-H-7 Sludge Burial Trench.

Contaminant Frequent-Use Scenario Occasional-Use Scenario

Pathway Contaminant Pathway Contaminant

Soil Ingestion Fugitive Dust
Inhalation

External
Exposure

Total
Soil Ingestion Fugitive Dust

Inhalation
External
Exposure

Total

IC.Ra ICRa ICRa ICRa ICRa

Europium-154 2E-t0 9E-11 6E-06 6E-06 SE•12 2E-12 4E-08 4E-OB

Total 2E-10 9E•11 6E-06 • 5E-12 2E-12 4E-0g

High Priority Waste Site Total 6E-06 4E-08

af.ifetime incremental cancer risk
= Not applicable.

Note: Shaded area indicates screening criterion exceeded .
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Table 3-7d. Summary of the Risk Assessment for Radioactive Contaminants in 2018 at the
116-H-7 Sludge Burial Trench.

Contaminant Frequent-Use Scenario

Pathway Contaminant

Soil
Ingestion

Fugitive Dust
Inhalation

External
Exposure

Total

ICRa ICRa ICRa

Europium-154 3E-11 1E-11 8E-07 8E-07

Total 3E-11 1E-11 8E-07 -

High Priority Waste Site Total 8E-07

aLifetime incremental cancer risk.
- = Not applicable.

Note: Shaded area indicates screening criterion exceeded.
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Table 3-7e. Estimated Dose for the Great Basin Pocket Mouse at the 116-H-7
Sludge Burial Trench

y _z

-;;-^

Contaminant Activity/g
(pCi/g)

Activity/kg
Vegetation
(wet) (Ci/kg)

Dose Rate
(rad/day)

Fractional
Use

Dose Rate
(rad/day)

Europium-154 0.06 24E-14 1.7E-10 1 1.7E-10

Europium-155 0.015 6.OE-15 4.OE-11 1 4.OE-11

Strontium-90 0.26 20E-09 2.1E-02 1 20E-02

Total Dose 2.OE-02

3T-7e
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Table 3-8a. Risk-Based Concentrations for Radioactive Soil Contaminants at the 116-H-5 Outfall Structure.

Frequent-Use Scenario OccaMonal-Use Scenario
Parametersb Pathways Pathways

Soil Ingestion Fugitive Dust
Inhalation

External
Exposure

Soil Ingestion Fugitive Dust
Inhalation

External
Exposure

Soil
Concentration

at Oral
ICR = 1E-06

(pCVg)

Soil
Concentration
at Inhalation
ICR = 113-06

Soil
Concentration
at External
ICR = 1E-06

(PCvg)

Soil
Concentration

at Oral
ICR = 1E-06

(PCVg)

Soil
Concentration
at Inhalation
ICR = 1E-06

(pCVg)

Soil
Concentration

at External
ICR = 113-06

Americium-241 3.2E+00 2.9E+00 8.513+00 1.7E+02 1.513+02 1.3E+03

Cesium-134 1.913+01 3.3E+03 8.013-03 9.8E+02 1.7E+05 13E+00

Cesium-137 2.7E+01 4.813+03 2.1E-02 1.4E+03 15E+05 33E+00

Cobalt-60 5.113+01 6.113+02 4.913-03 2.6E+03 3.2E+04 7.613-01

Europium-152 3.6E+02 . 8.3E+02 1.2E-02 1.9E+04 4.3E+04 1.8E+00

Europium-154 2.513+02 6.513+02 1.013-02 1.3E+04 3.413+04 1.6E+00

Europium-155 1.7E+03 5.113+03 7.1E-01 8.913+04 2.6E+05 1.1E+02

Nickel-63 3.2E+03 5.1E+04 a 1.7E+05 2.6E+06 a

Plutonium-238 35E+00 2.3E+00 15E+03 1.813+02 12E+02 2.4E+05

Plutonium-239(2}0 3.3E+00 2.413+00 1.5E+03 1.7E+02 1.3E+02 2.413+05

Potassium-40 6.913+01 1.2E+04 7.7E-02 3.6E+03 6.313+05 1.2E+01

Radium-226 6.313+00 3.0E+01 6.913-03 3.313+02 1.613+03 1.1E+00

Strontium-90 2.1E+01 1.5E+03 a 1.1E+03 7.713+04 a

Thorium-228 1.4E+01 1.2E+00 7.4E-03 72E+02 6.113+01 1.2E+00

Thorium-232 6.313+01 3.3E+00 1.613+03 3.3E+03 1.713+02 25E+05

Uranium-238 2.713+01 1.813+00 1.2E+00 1.413+03 9.213+01 1.813+02

Zirconium-95 7.7E+02 9.113+03 1.713-02 3.9E+04 4.813+05 2.6E+00

a Not an external exposure hazard.
b Taken from the 116-H-7 Retention Basin.
- Not applicable.
ICR = Lifetime incremental cancer risk.
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Table 3-8b. Risk-Based Concentrations for Non-Radioactive Soil Contaminants at the 116-H-5 Outfall Structure.

tT

l
Frequent-Use Scenario Occasional-Use Scenario

Parameler
Pathways Pathways

Soil Ingestion Fugitive Dust Inhalation Soil ingestion Fugifive Dust Inhalation

Soil Soil Soil Soil Soil Soil Soil Soil
Concentration Concentration Concentration Concentration Concentration Concentration Concentration Concentration at

at Oral at Oral at Inhalation at Inhalation at Oral at Oral at Inhalation Inhalation
HQ = 1.0 ICR = lE-06 HQ = 1.0 ICR = IE-06 HQ = 1.0 ICR - lE-06 HQ = IA ICR = 1E-06

(mP./kg) (mg/kg) (mg)kg) (mBWlKg) (mg&g) (mg&g) (mg4W (mg/kg)

Arsenic 2.4E+01 3.8E-010 •a 1.IE+01d 13E+03 2.0E+01c -a 1.7E+024

Chromium VI 4.0E+02 6 -a 4.0E+00 2.1E+04 b 2.1E+02

Leade a a a a a a a a

a No RfD or SF available to evaluate the pathway.
b Not classified as carcinogen or not considered carcinogenic via this exposure route or pathway. -
° Based on proposed arsenic unit risk of 5E-45 µgA. (IRIS, EPA 1993)
d Based on 30% absorption of inhaled arsenic
e Regulatory soil cleanup guideline is 500-1000 mgikg (EPA 1989)
t Taken from the 116-H-7 Retention Basin.
- Not applicable. ' •

HQ = Hazard quotient.
ICR = Lifetime incremental cancer risk
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Table 3-9a. Risk-Based Concentrations for Radioactive Soil Contaminants at the 132-H-3 Pump Station.

w
71
w

Frequent-Use Scenario Occasional-Use Scenario
Parameters Pathways Pathways

Soil Ingestion Fugitive Dust
Inhalatiori

External Exposure Soil Ingestion Fugitive Dust
Inhalation

External Exposure

Soil
Concentration

at Oral
ICR = 1E-06

(PCVg)

Soil Concentration
at Inhalation
ICR = 1E-06

(pCVg)

Soil Concentration
at External
ICR = 1E-06

(pCVg)

Soil Concentration
at Oral

ICR = 1E-06
(pCi/g)

Soil Concentration
at Inhalation
ICR = 1E-06

Soil Concentration
at External
ICR = 1E-06

(pCi/g)

Arnericium-24115 3.2E+00 2.9E+00 8.5E+00 1.7E+02 1.5E+02 1.3E+03

Carbon-14c 8.5E+02 1.4E+07 a 4.4E+04 7.4E+08 a

esium-134 1.9E+01 3.3E+03 8.OE-03 9.8E+02 1.7E+05 1.3E+00

Cesium-137 ,c 2.7E+01 4.8E+03 2.1E-02 1.4E+03 2.5E+05 3.3E+00

obalt-60 ,c 5.1E+01 6.1E+02 4.9E-03 2.6E+03 32E+04 7.6E-01

Europium-152 ,c 3.6E+02 8.3E+02 1.2E-02 1.9E+04 4.313+04 1.8E+00

Europium-154 25E+02 6.5E+02 1.013-02 1.313+04 3.4E+04 1.6E+00

Europium-155 1.7E+03 5.113+03 7.113-01 8.9E+04 2.613+05 1.113+02

Nickel-63 3.2E+03 5.113+04 a 1.7E+05 2.6E+06 a

Plutonium-238 3.513+00 2.3E+00 1.513+03 1.8E+02 1.213+02 2.4E+05

Plutonium-239/240 ,c 3.3E+00 2.4E+00 1.5E+03 1.713+02 1.313+02 2.4E+05

Radium-226 6.3E+00 3.013+01 6.913-03 3.313+02 1.613+03 1.113+00

Strontium-90 ,c 2.1E+01 1.513+03 a 1.113+03 7.713+04 a

horium-228 1.413+01 1.2E+00 7.4E-03 7.2E+02 6.113+01 1:2E+00

horium-232 6.3E+01 3.313+00 1.613+03 3.3E+03 1.713+02 2.5E+05

ritiumc 1.413+04 1.2E+06 a 7.313+05 6.113+07 a

Uranium-238 2.7E+01 1.8E+00 1.213+00 1.413+03 9.2E+01 1.813+02

irconium-95 7.713+02 9.113+03 1.713-02 3.9E+04 4.813+05 2.6E+00

Not an external exposure hazard.
b Taken from the 116-H-7 Retention Basin.

Taken from the 132-H-3 surface smear sample, floor and piping, Table A-12.

Not applicable.
ICR = Lifetime incremental cancer risk.
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Table 3-9b. Risk-Based Concentrations for Non-Radioactive Soil Contaminants at the 132-H-3 Pump Station.

w

^o
^

Frequenl-Use Scenario Occasional-Use Scenario
Parametersg pathways Pathways

Soil Ingestion Fugitive Dust Inhalation Soil Ingestion Fugitive Dust Inhalation

Soil Soil Concentration Soil Concentration Soil Concentration Soil Soil Soil Concentration Soil
Concentration at Oral at Inhalation at Inhalation Concentration Concentration at Inhalation Concentration at

at Oral ICR = IE-06 HQ = 1.0 ICR = IE-06 at Oral at Oral HQ = 1.0 Inhalation
HQ = 1.0 (-g/kg) (mg/kg) (-g/kg) HQ = 1.0 ICR = IE-06 (-g/kg) ICR = IE-06
(-g/kg) (mg/kg) (mg/kg) (mg/kg)

Arsenic 2.4E+01 3.8E-01 a 1.lE+Ole 1.3E+03 20E+01 ! 1.7E+02e

Barium 5.6E+03 - 3.2E+03 - 2.9E+05 2.4E+Q5

Cadmium 8.OE+01 - a 2.6E+01 4.2E+03 • a 1.4E+03

Chromium VI 4.OE+02 - a 4.0E+00 2.1E+04 - •a 2.1E+02

Cobalt 4.8E+03 - -a _ b 2.5E+05 • -a -

Copper 3.2E+03 - a - 1.7E+05 • a -b

l.ead -a a a -a a a a a

Manganese 1.1E+04 - 35E+03 • 5.9E+tt5 - 1.813+05

Mercury 2.4E+01 - b 2.8E+03 - b 1.3E+03 _b 15E+05 -

Molybdenum 4.0E+02 - a - 2.IE+04 _b ° -

Nickel 1.6E+03 - a -c 8.3E+04 - a c

Selenium 4.013+02 a _ b 2.1E+06 • b . a -

Silver 4.0E+02 - a - b 2.1E+04 _b a .

Strontium 4.8E+04 - a - b 25E+06 _b a .

Vanadium 5.6E+02 - a •b 19E+04 - a -

Zinc 2.4E+04 - •a _ b 1.3E+06 • a

No R(I) or SF available to evaluate the pathway.
Not classified as carcinogen or not considered carcinogenic via this exposure route or pathway.
Nickel is not evaluated because it is not present as carcinogenic refinery dust - see Appendix B.

d Based on proposed arsenic unit risk of 5E-05 µg/L (IRIS, EPA 1993).
Based on 30% absorption of inhaled arsenic.

t Regulatory soil cleanup guideline is 500-1000 mg/kg (EPA 1989).
Taken from 132-H-3 sludge sample, Table A-10.

- Not applicable.
Q = Hazard quotient.

ICR = Lifetime incremental cancer risk
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Table 3-10a. Risk-Based Concentrations for Radioactive Soil Contaminants at the 116-H-6 Retention Basin.

^

^
a°

Frequent-Use Scenario Occasional-Use Scenario
Parametersb

Pathways Pathways

Soil Ingestion Fugitive Dust External Soil Ingestion Fugitive Dust External
Inhalation Exposure Inhalation Exposure

Soil Soil Soil Soil Soil Soil
Concentration Concentration Concentration Concentration Concentration Concentration

at Oral at Inhalation' at External at Oral at Inhalation at External
ICR = 1E-06 ICR = 1E-06 ICR = 1E-06 ICR = IE-06 ICR = 1E-06 ICR = IE-06

(pCiJg) (pCi/g) (pCVg) (pC(/g) (pCVg)

Total - 2.7E+01 1.8E+00 1.2E+00 1.4E+03 9.2E+01 1.8E+02
Uraniuma

aUranium-238 is used as a surrogate for total uranium, (see Chapter 2).
bFrom WHC, 1988a.
- Not applicable.
ICR = Lifetime Incremental Cance r Risk

yU
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Table 3-10b. Risk-Based Concentrations for Non-Radioactive Soil Contaminants at the 116-H-6 Retention Basin. (Sheet 1 of 2)

w
ITi

0̂
d

Frequent-Use Scenario Occasional-Use Scenario

Parametersg
Pathways Pathways

Soil Ingestion Fugitive Dust Inhalation Soil Ingestion Fugitive Dust Inhalation

Soil
Concentration

at Oral
HQ = 1.0

(-9&g)

Soil
Concentration

at Oral
ICR = 1E-06

(m8/kg)

Soil
Concentration
at Inhalation

HQ = 1.0

(ng*g)

Soil
Concentration
at Inhalation
ICR = lE-06

(ntOg1

Soil
t.oncentration

at Oral
HQ = 1.0

(sn84g)

Soil
Concentration

at Oral
ICR = 1E-06

(rnglhg)

Soil
C,oncentration
at Inhalation
HQ = 1.0

(tngVg)

Soil
Concentration
at Inhalation
ICR = 1E-06

(-P,&g)

Ammonia 2.7E+06 b 9.3E+05 6 IAE+08 b 48E+07 b

Antimony 3.213+01 .b ! b 1.7E+03 b a b

Arsenic 2.4E+01 3.BE-0le ! 1.IE+01t 1.313+03 2.0E+01e ! 1.78+02t

Barium 5.613+03 6 3.213+03 b 2.9E+05 b 2.4E+05 b

Beryllium 4.013+02 15E-01 ! 1.913+01 2.1E+04 7.8E+00 ! 1.0E+03

Boron 7.2E+03 •b •a b 3.813+05 -b a b

Cadmium 8.0E+01 6 ! 2.613+01 4.2E+03 b -a 1.413+03

Chloride ! b ! b _a b .a b

Chromium VI 4.013+02 b ! 4.0E+00 2.113+04 6 ! 2.1E+02

Cobalt 4.8E+03 b -a 6 25E+05 -b -a b

Copper 3.213+03 b .a b 1,713+05 b ! b

Fluoride 4$E+03 -b .a b 2,5E+05 b a b

Leadd ! ! ! .a .a ! !

Lithium -a b _a .Is .a b a b

Manganese 1.IE+04 b 35E+03 6 5.9E+05 b 1.8E+Q5 6

Mercury 2.413+01 -b 2.8E+03 b 1313+03 -b 1.4E+05 b

Molybdenum 4.0E+02 b .a b 2.113+04 b ! b

Nickel 1.613+03 b -a •c 83E+04 -b •a -c

Nitrate 1.313+05 b ! b 6,713+06 b -a b

Nitrite 8.013+03 b a .b 42E+05 b .a b

Phosphate ! b ! b ! b a b

Phosphorus 1.613+00 b a b 8.313+01 b .a b

0
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Table 3-10b. Risk-Based Concentrations for Non-Radioactive Soil Contaminants at the 116-H-6 Retention Basin. (Sheet 2 of 2)

^

0
C

Frequent-Use Scenario Occasional-Use Scenario
Parametersg

Pathways Pathways

Soil Ingestion Fugitive Dust Inhalation Soil Ingestion Fugitive Dust Inhalation

Soil Soil Soil Soil Soil Soil Soil Soil
Concentration Concentration Concentration Concentration Concentration Concentration Concentration Concentration

at Oral at Oral at Inhalation at Inhalation at Oral at Oral at Inhalation at Inhalation

HQ = 1.0 ICR a lE-06 HQ = 1.0 IQL = lE-06 HQ e 1.0 ICR = IE-06 HQ = 1.0 ICR = IE-06

(mgAg) (mgd'g) (mog) (mg&g) (mrlkg) (mg4g) (mg4g) (mg/kg)

Selenium 4.0E+02 b -a b 21E+04 b •a b

Silicon p b a b . p b •e b

Silver 4.0E+02 .b a b 21E+04 b -s b

Strontium 4.8E+04 6 p b 2.58+06 6 n b

Sulfate -a b e, b .a b e b

7haBium 5.6E+00 6 a 6 29E+02 b a b

Oxide

Tin 4.8E+04 b " b 25E+06 6 -a b

Titanium •a b -a -b •s b .a b

Vanadium 5.6E+02 6 " b 29E+04 6 ^ b

Zinc 24E+04 b -a -b 1.3E+06 b a -b

Zirconium e b a b e b p b

a No RID or SF available to evaluate the pathway.
b Not dassified as carcinogen or not considered carcinogenic via this exposure route or pathway.
c Nickel is not evaluated because it is not present as carcinogenic refinery dust - see Appendix B.
d Regulatory soil deanup guideline is 500-1000 mglkg (EPA 19g9).
e Based on proposed arsenic unit risk of 5EQ5 uglL (IRIS, EPA 1993).
I Based on 30% absorption of inhaled arsenic . .
g From wHC, 1988a.
- Not applicable.
HQ = Hazard quotient.
ICR = lifetime incremental cancer ri sk
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Table 3-11. Risk-Based Concentrations for Radioactive Soil Contaminants at the 132-H-2 Building.

w

..

Frequent-Use Scenario Occasional-Use Scenario
Parametersb

Pathways Pathways

Soil Ingestion Fugitive Dust External Soil Ingestion Fugitive Dust External
Inhalation Exposure Inhalation Exposure

Soil Soil Soil Soil Soil Soil
Concentration Concentration Concentration Concentration Concentration Concentration

at Oral at Inhalation at External at Oral at Inhalation at External
ICR = IE-06 ICR = IE-06 ICR = 1E-06 ICR = IE-06 ICR = 1E-06 ICR = 1E-06

(pCVg) (pCVg)

Carbon-14 8.5E+02 1.4E+07 a 4.4E+04 7.4E+08 a

Cesium-137 2.7E+01 4.8E+03 2.IE-02 1.4E+03 2.5E+05 33E+00

Cobalt-60 5.1E+01 6.1E+02 4.9E-03 2.6E+03 32E+04 7.6E-01

Europium-152 3.6E+02 8.3E+02 1.2E-02 1.9E+04 4.3E+04 1.8E+00

Europium-154 2.5E+02 6.5E+02 1.0E-02 1.3E+04 3.4E+04 1.6E+00

Plutonium-239 3.3E+00 2.4E+00 2.5E+03 1.7E+02 1.3E+02 3.8E+05

Strontium-90 2.1E+01 15E+03 a 1.IE+03 7.7E+04 a

Tritium 1.4E+04 1.2E+06 a 7.3E+05 6.1E+07 a

aNot an external exposure hazard.
bFrom surface smear, paint and concrete samples, Powers 1986.
- Not applicable.
ICR = Lifetime incremental cancer risk.
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Table 3-12. Risk-Based Concentrations for Radioactive Soil Contaminants at the 132-H-1 Stack

w

N̂

Frequent-Use Scenario Occasional-Use Scenario
Parametersb Pathways Pathways

Soil Ingestion Fugitive Dust External Soil Ingestion Fugitive Dust External
Inhalation Exposure Inhalation Exposure

Soil Soil Soil Soil Soil Soil
Concentration Concentration Concentration Concentration Concentration Concentratiori

at Oral at Inhalation at External at Oral at Inhalation at External
ICR = IE-06 ICR = IE-06 ICR = 1E-06 ICR = 1E-06 ICR = 1E-06 ICR = 1E-06

(pCVg) (PCVg) (pCVg)
Carbon-14 8.5E+02 1.4E+07 a 4.4E+04 7.4E+08 a

Cesium-137 2.7E+01 4.8E+03 2.1E-02 1.4E+03 2.5E+05 3.3E+00

Cobalt-60 5.1E+01 6.IE+02 4.9E-03 2.6E+03 3.2E+04 7.6E-01

Europium-152 3.6E+02 8.3E+02 1.2E-02 1.9E+04 4.3E+04 1.8E+00

Strontium-90 2.1E+01 1.5E+03 a 1.1E+03 7.7E+04 a

Tritium 1.4E+04 1.2E+06 a 7.3E+05 6.1E+07 a

a Not an external exposure hazard.
b From stack core samples, Beckstrom 1987.
- Not applicable.
ICR = Lifetime incremental cancer risk.
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4.0 SUMMARY AND CONCLUSIONS

This chapter provides a summary of the methods and results of the qualitative risk assessment
(QRA) that was performed for the high-priority waste sites in the 100-HR-1 operable unit.

4.1 QUALITATIVE RISK ASSESSMENT PROCESS

The QRA is an evaluation of risk for a predefined set of human and ecological exposure
scenarios. The QRA is not intended to replace or be a substitute for a baseline risk assessment.
Consequently, the QRA is streamlined to consider only two human health scenarios (frequent and
occasional use) with four exposure pathways (soil ingestion, fugitive dust inhalation, inhalation of
volatile organics, and external radiation exposure) and a limited ecological evaluation. The use of
these scenarios and pathways was agreed to by the 100 Area Tri-Party Unit Managers (December 21,
1992, and February 8, 1993). Future waste site risk estimates considering the decay of radionuclides
to the year 2018 and the effect on external radiation exposure by shielding provided by current soil
and gravel covers is also presented.

4.1.1 Approach

The QRA is conducted using the HSBRAM (DOE-RL 1993a) as guidance and
consists of:

• An evaluation of the data sources and/or process information.

• Identification of maximum constituent concentrations, where data is available.

• A human health risk evaluation.

• An ecological risk evaluation.

0 An analysis of potential impacts to groundwater.

Key factors that contribute to uncertainty throughout the risk assessment process are also
identified.

4.1.2 Guidelines Used in the Qualitative Risk Assessment

The following guidelines were agreed'to by the Tri-Party Unit Managers prior to performing
the QRA:

• Site-wide soil background concentration data are used to screen inorganic
constituents.

• Historical radionuclide concentrations are decayed to 1992.

4-1
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• The maximum contaminant concentration within the upper 4.6m (15 ft) of
soil, either from historical or LFI data, are used to estimate risk in the QRA.

• Two scenarios, frequent use and occasional use, are evaluated in the human
health section of the QRA.

• For the human health exposure assessment, the pathways evaluated in the
QRA are: soil ingestion, fugitive dust inhalation, inhalation of volatile
organics, and external radiation exposure.

• Ecological scenarios are evaluated using the Great Basin pocket mouse
because it is a key component of the Hanford area food chain and a biological
endpoint with a range similar in size to the dimensions of most individual
waste sites.

Several other guidelines are used in the QRA. The data collection during the LFI for the
operable unit followed a known process and therefore the data are considered to be of high quality.
Historical data (e.g., Dorian and Richards 1978) are considered to be of medium quality because the
data were not validated and documentation was less rigorous. Where historical data do not specify
uranium isotopes, uranium-238 is evaluated because it represents >99% of natural uranium.
Chromium is assumed to be present as chromium (VI) because it provides the most conservative
evaluation and chromium was not speciated during analysis. Nickel in the soil environment is not
considered carcinogenic because the pyrolytic activity which generates the carcinogenic form of nickel
was not present in the operable unit. If toxicity factors are not available for a constituent, surrogate
factors are generally not used, unless specifically noted. ,

For the QRAs, the following terminology is used to provide relative risk classifications for
sites where human health risks are calculated; high (ICR > IE-02), medium (ICR 1E-02 to 1E-04),
low (ICR 1E-04 to 1E-06), and very low (ICR < 1E-06). These classifications are used to categorize
the waste sites in a single operable unit based upon their potential risk to human health, in accordance
with the objective of the QRA to provide information for the prioritization of waste sites for cleanup
activities. A frequent-use scenario is evaluated in 2018 to ascertain potential future risks associated
with each waste site after additional radionuclide decay. For the current occasional use scenario, the
effect of radiation shielding by the upper 2 m(6 ft) of soil on the external exposure risk at each waste
site is evaluated.

For the ecological risk assessment, metals are assumed to be bioavailable for uptake by
vegetation. The identified concentrations are assumed to be uniformly distributed over the site,
biologically active, and available for transport. Hazard quotients for ecological exposure to
radionuclides are based on an exposure limit of 1 rad/day (NCRP 1991) for radionuclides and a
NOEL for non-radionuclides.

4.2 HUMAN HEALTH QUALITATIVE RISK ASSESSMENT

The QRA provides estimates of risk that.might occur under frequent-use or occasional-use
scenarios based on the best available knowledge of current contaminant conditions, but does not
represent actual risks since neither frequent-use nor occasional-use of high priority sites currently
occurs.

4-2
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4.2.1 Overview of the Human Health Risk Evaluation Process

The frequent-use and occasional-use scenarios arl; evaluated using residential and recreational
ezposure parameters from HSBRAM (DOE-RL 1992a), respectively. Frequent-use is addressed for
current (1992) and future (2018) contaminant concentrations. Air inhalation of volatile organics is
eliminated from this analysis because volatile organics are not present above preliminary risk-based
screening levels in the soil at any waste site. Therefore, inhalation of volatile organics is not a likely
exposure pathway for this operable unit. For the soil ingestion and external exposure pathways,
maximum sample concentrations from the upper 4.6 m (15 ft) of soil are used. For the fugitive dust
inhalation pathway, maximum contaminant concentrations in the upper 4.6 m(15 ft) of soil are used
in conjunction with a particulate emission factor. This factor relates contaminant concentrations in the
soil to concentrations of respirable particles in the air due to fugitive dust emissions. Quantification
of exposures is conducted using Section 2.3 of HSBRAM (DOE-RL 1993a).

The external exposure pathway is also evaluated for the current occasional-use scenario while
'-^-m considering the effect of shielding by existing soil cover. In this evaluation, only radionuclides

detected in the upper 2 m (6 ft) of soil are considered as contributors to external radiation exposure.
These external exposure risks are considered to be more representative of current site conditions
where activities in a contaminated zone are controlled.

° Section 2.3 of HSBRAM (DOE-RL 1993a) contains the general procedures followed in the
QRA for toxicity assessment. The toxicity assessment in the QRA involves the selection of slope
factors and reference doses for contaminants of potential concern and includes sufficient toxicity
information on contaminants of potential concern to assist project managers in reaching decisions on
IRMs.

Risk characterization for the individual waste sites differs depending on the type and amount
of data available for the specific waste site. Risk characterization is conducted in accordance with
Section 2.4 of HSBRAM (DOE-RL 1993a). The risk characterization for each site is performed by
calculating contaminant-specific ICRs and HQs and then summing contaminant-specific risks to obtain
a risk estimate for the waste site.

For sites where sampling data are not available to calculate ICRs and HQs, the risk
characterization consists of a qualitative discussion of the site, the potential threat posed by the site,
and the confidence in the information available to assess the threat. Risk estimates from analogous
sites are used, where appropriate, to qualitatively determine possible contaminants and potential risk
levels. The basic intake equations presented in Appendix C are modified to identify soil contaminant
concentrations associated with an ICR of lE-06 or an HQ of 1, using HSBRAM (DOE-RL 1993a)
exposure parameters.

4.2.2 Results of the Human Health QRA

An overview of the human health QRA, and associated uncertainties, for the 100-HR-1 QRA
are summarized in the following sections.

Information summarized in Tables 4-1, 4-2 and 4-3 for the human health QRA includes:

Data availability and confidence in data

The qualitative risk estimation

4-3
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The risk driving contaminants for the frequent-use and occasional-use
scenarios

The risk driving pathways for the frequent-use and occasional-use scenarios

The risk-driving contaminants for both the frequent-use and occasional-use scenarios are
generally radionuclides and the primary risk-driving pathway is usually the external exposure
pathway.

The high-priority waste sites listed in Table 4-2 of the 100-HR-1 work plan (DOE-RL 1992b)
are evaluated in the QRA. Where LFI data were not collected, historical data were used in the risk
assessment. Where sampling data were not available, risk estimates from analogous waste sites (if
any) were considered in evaluating the potential risk from the waste site.

Based on the QRA, the high-priority waste sites within the 100-HR-1 operable unit are
grouped into high, medium, low, and very low risk categories as shown in Table 4-3. The results of
the frequent-use scenario are summarized as follows:

• The waste site(s) considered high risk for the frequent-use scenario are the
116-H-1 trench (1992, 2018), 116-H-3 french drain (1992), 116-H-7 retention
basin (1992, 2018), and process effluent pipelines (sludge) (1992, 2018).

• The waste site(s) considered medium risk for the frequent-use scenario are the
116-H-2 trench (1992, 2018), 116-H-3 french drain (2018), and 116-H-9 crib
(1992, 2018). ,

• The waste site(s) consjdered low risk for the frequent-use scenario are the
process effluent pipelines (soil) (1992, 2018) and 116-H-7 sludge burial trench
(1992).

• The waste site(s) considered very low risk for the frequent-use scenario is the
116-H-7 sludge burial trench (2018).

The results of the occasional-use scenario are summarized as follows:

• The waste site(s) considered high risk for the occasional-use scenario are the
.116-H-7 retention basin and process effluent pipelines (sludge). The risk-
driving radionuclides at the process effluent pipelines (sludge) waste site are
not present in the upper 2 m (6 ft) of soil.

• The waste site(s) considered medium risk for the occasional-use scenario is the
116-H-1 trench.

• The waste site(s) considered low risk for the occasional-use scenario are the
116-H-2 trench, 116-H-3 french drain, and 116-H-9 crib.

• The waste site(s) considered very low risk for the occasional-use scenario are
the process effluent pipelines ( soil) and 116-H-7 sludge burial trench.

Other results of the QRA as presented in Tables 4-2 and 4-3 are:

4-4



WHC-SD=EN-RA-004, Rev. 0

Radionuclides are identified as the primary contributors to the overall risks via
the external exposure pathway. The specific radionuclides identified as key
contributors are cesium-137, cobalt-60, europium-152, and europium-154.

For the frequent-use scenario, pathways in addition to external exposure to
radionuclides which present estimated risks greater than ICR = 1E-04 and/or
HI = 1 include soil ingestion (116-H-1, 1 16-H-7, 116-H-9, process effluent
pipelines-sludge) and fugitive dust inhalation (116-H-7, 116-H-9). No
pathways other than external exposure to radionuclides have estimated risks
greater than ICR = 1E-04 and/or HI = 1 for the occasional-use scenario.

There are several sites where potential contaminants are identified only on the
basis of historical information and no contaminant concentrations are known.
These sites include the 116-H-5 outfall structure, 132-H-2 pump station, 116-
H-6 retention basin, 132-H-2 building, 132-H-1 stack, and 116-H-4 crib.
Concentrations at which an ICR of 1E-06 or HQ of 1.0 would exist are
calculated for the potential contaminants. Estimated risks are considered
qualitative estimates and are based on suspected risk-driving contaminants,
disposal information, and the size of the waste site.

The risks, both carcinogenic and non-carcinogenic, presented in this QRA are deterministic
estimates given multiple assumptions about exposure, toxicity, and variables: Consequently,
uncertainty exists for the evaluation of the contaminants, the exposures, the toxicities, and the risk
characterization for the QRA. This uncertainty is discussed more extensively in the following
sections.

4.2.3 Summary of Key Uncertainties in the Human Health Risk Assessment

In general, the QRA is based on a limited data set. Uncertainties are associated with both the
contaminants identified for each waste site and the concentrations of the contaminants. Collected
samples may not be representative of conditions throughout the waste site and historical data may not
accurately represent current conditions. Because the samples may not be completely representative of
the site, risks may be underestimated or overestimated.

Uncertainty exists with respect to the identification of specific contaminants. Where the
isotope of uranium is not specified uranium is evaluated as uranium-238. The slope factors for the
various uranium isotopes differ slightly from one another, resulting in slightly different risks if each is
evaluated separately. The valence state of chiomium identified in the QRA samples was not known.
For the risk estimate, the most toxic form was assumed (Cr VI). However, risks are overestimated if
chromium exists as the less toxic form (Cr III).

External exposure slope factors are appropriate for a uniform contaminant distribution, infinite
in depth and areal extent (i.e., an infinite slab source), with no clean soil cover. For high-energy
gamma emitters (e.g., cobalt-60 and cesium-137), the assumption of an infinite slab source can only
be satisfied if these radionuclides extend to nearly 2 m (6 ft) below ground surface, and over a
distance of a few hundred meters or more. If the site being evaluated is smaller than this, or if the
site has a clean soil cover, then use of external exposure slope factors is likely to provide risk
estimates that are unrealistic. The fact that the external exposure pathway is the risk-driver at many
waste sites is not surprising and in some cases may be indicative of the conservatism built into the
evaluation of this pathway rather than the actual associated risk.
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There is uncertainty associated with the toxicity information available to assess potential
adverse effects. The interpretation of the toxicity data and the actual toxicity values used for the QRA
are both sources of uncertainty. These uncertainties contribute to the uncertainty in the risk
assessment.

When there is a high degree of uncertainty associated with the information used to determine
toxicity, there is less confidence in the assessment of the risk associated with exposure. The primary
sources of these uncertainties include the following:

•. Use of information on dose-response effects from high-dose exposure
scenarios to predict effect at low-dose exposure scenarios.

• Use of animal dose-response data to predict.effects in humans.

• Use of short-term exposure data to extrapolate to long-term exposure, or vice
versa.

• Use of dose-response information from a homogeneous animal or healthy
human population to predict the effects that may occur in the general
population where there are varying sensitivities to different contaminants.

Uncertainty in the risk characterization also results from summing ICRs and HQs across
contaminants and pathways, a process which gives equal weight to toxicity information derived from
different sources or species. Exposures to multiple contaminants may result in additive effects or
effects that are greater or less than additive. .

Historical information and risk estimates form analogous sites may be used to evaluate some
of the high-priority waste sites. The selection of analogous sites for the QRA is based on available
information at the time the QRA is prepared. As additional information is identified and incorporated
into the LFI report for an operable unit, the QRA should be updated to utilize additional pertinent
information.

4.3 ECOLOGICAL QUALITATIVE RISK ASSESSMENT

The 100-HR-1 operable unit is a terrestrial waste unit. The approach consistent with the
objective of the QRA is to assess the dose to the Great Basin Pocket Mouse. The mouse is used as
the indicator receptor because it's home range is comparable to the size of most waste sites and will
receive most of it's dose from a waste site.

Ecological Effects. Contaminants found in the, soil at waste sites within the 100-HR-1
operable unit include radioactive and nonradio8ctive elements. For nonradioactive elements,
ecological effects were evaluated from uptake from the soil by plants, and by accumulation of these
elements through the foodweb. Radioactive elements have ecological effects resulting from their
presence in the abiotic environment (external dose), and from ingestion (consumption dose), resulting
in a total body burden. Total daily doses to an organism can be estimated as the sum of doses
received from all radioactive elements ingested, residing in the body, and available in the organism's
environment. Radiological dose calculation methodology as reviewed by Baker and Soldat (1992),
were applied in this QRA. The radiological dose an organism receives is usually expressed as
rad/day.
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Endpoint Selection. The measurement endpoints are the health and mortality of the Great
Basin pocket mouse. Risk is evaluated for the pocket mouse based on a two-step accumulation model
(soil-to-plant and plant-to-mouse). The dose to the pocket mouse was used to screen the level of risk
of an individual waste site.

Risk is evaluated for the Great Basin Pocket Mouse based on a two-step accumulation model.
The method of integration is based on averaging waste site constituent coacentrations over the
operable unit as a fraction of the total operable unit area.

Exposure Analysis. The exposure analysis integrates the spatial and temporal distributions of
the ecological components and stressors.

All nonradioactive and radioactive constituents identified as of potential concern in the human
health risk assessment (before the risk-based screening) were considered to be of concern in the

..^.._ ecological risk assessment. Because of the lack of site-specific ecologic data, it was assumed the
receptor spends some fraction of it's life in the site, obtains all its food from the site when present,
and all consumed food is contaminated. However, because there is no source of water within the site,
drinking water was not considered a route of exposure.

The major route of all contaminants to plants is assumed to be direct uptake from soil.
=4, Ingestion of vegetation is assumed to be a major route of exposure to the mouse, for both

nonradiological and radiological constituents. For radionuclides, the exposure pathway considered
uptake from contaminated food resulting in internal exposure. For all contaminants, the dose is based
on receptor whole-body concentrations. Metals stressors are assumed to be bioavailable for uptake by
vegetation.

4.3.1 Results of the Ecological Evaluation

A qualitative ecological risk assessment was completed for the 100-HR-1 operable unit. Sites
116-H-1 Trench, 116-H-2 Trench, 116-H-7 Retention Basin, and the Process Effluent Pipelines
(sludge) exceeded the EHQ of 1 rad/day. For sites that exceeded the EHQ, most of the dose is from
strontium. The doses to the pocket mouse from radionuclides in the upper soil profile (0-6 ft) were at
least as great as that of the total soil profile (0-15 ft). This suggests that the radionuclides (primarily
strontium-90) are available within the rooting depth of plants and the burrowing depth of the pocket
mice.

For non-radiological constituents, site 116-H-1 Trench exceeded the wildlife NOEL for
arsenic; however, the concentration used in the risk characterization is from the total 0-15 ft soil
interval. The wildlife NOELs for arsenic, lead, and zinc are exceeded at 116-H-7 Retention Basin
(both 0-6 and 0-15 ft scenarios). The 116-H-9 Crib (both 0-6 and 0-15 ft scenarios) exceeded the
NOELs for barium, manganese, and vanadium.

4.3.2 Summary of Key Uncertainties in the Ecological Evaluation

The uncertainty in contaminant conceitrations for the ecological evaluation is related to the
accuracy of the data. For the QRA, uncertainty exists in both contaminants identified and exposure
concentrations. As for the human health assessment, the maximum contaminant concentration was
used.
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The QRA models the potential exposure of wildlife thought present in or near the waste site.
The issues of concern with regard to ecological risk assessment (particularly qualitative) are the
uncertainties in using an assortment of environmental variables in risk modeling. This begins with the
source term. If this number is not realistic, no amount of modeling will overcome this deficiency.
For example, in the case of the QRA, the maximum reported waste concentration was used as the
source term no matter how deep this concentration.

Generally, site-specific organisms (e.g., pocket mouse), are identified as being associated with
a site, but little if any data may exist concerning transfer of contaminants to site-specific organisms.
Often, it is necessary to use biological trophic transfer information for related species.

A significant source of uncertainty in the exposure scenario is that the waste site is uniformly
contaminated and in the case of the mouse, all foodstuff is assumed to be contaminated. No provision
is made for dilution of contaminated foodstuff by non contaminated foodstuff. It was also assumed
contaminants were not passed through the gut but completely retained (100% absorption efficiency).

To complete the QRA for the 100-HR-1 operable unit it was necessary to use data from
surrogate organisms in place of the pocket mouse since no site data are available for this organism.
This contributes to overall QRA uncertainty. In addition, transfer coefficients used to model uptake
of contaminants from soil to plants were not Hanford specific, the approach did not consider whether
roots of a plant actually grow deep enough to contact a contaminant, and the model did not account
for reduced concentrations from plant to seed (it was assumed the seed concentration was the same as
the plant). The pocket mouse food consumption rate was generalized and seasonal behavior
(hibernation) that would reduce exposure and 4ody burden was not considered.

Uncertainty associated with wildlife toxicity values is significant, particularly for non
radiological contaminants. The approach used in the QRA tends to build conservatism into the
toxicity value.
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Table 4-1. Summary of Data Availability and Data Confidence (for sites where data are available).

Waste Site Summary of Data Availability and Data Confidence

Historical
Data'

LFI
Data'

Data from
the same
Mediumb

Confidence in
Contaminant
Identification

Confidence in
Contaminant

Concentrations

Sites with LFI data and historical data

116-H-1 trench R R.I,O Yes high medium

116rH-2 trench R R,I,O Yes medium medium

116-H-3 french
drain

R R,I,O Yes high to med. medium

116-H-7 retention
basin

R R,I,O No high low

116-H-9 crib - R,I,O - high high

Sites with historical data only

Process Effluent
Pipelines

R - - medium low

116-H-7 sludge
burial trench

R - - med. to low low

= Not applicable

' R= radionuclide, I = inorganic, O= organic contaminant
" I.FI and Historical Data are from the same medium (e.g., both from soil) or from different
media (e.g., soil and sludge)
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Table 4-2. Human Health Data and Risk Assessment Summary (for sites where only process knowledge is available).

Site Disposal Information Suspected Description Qualitative Rationale for Rating
Risk-Driving and Notes Risk
Contaminants Ratinga

I 16-H-5 Unknown volume of treated Co-60, Eu-152, Eu-154, As Compartmented concrete box measuring medium 116-D-5 outfall
outfall process effluent from the 378 x 27 x 14 ft. structure in the 100-
structure 116-H-7 retention basin DR-I operable unit has

between 1949 and 1965. a high risk estimate.

132-11-3 Pumped water from H reactor Co-60, Cs-134, Ra-226, Demolished and buried in-situ in 1987. low Building rubble buried
pump station drains from 1949 to 1965. Th-228, As, Hg Backftlled with a minimum of 15 ft of under 15 ft of fill.

Sump water and sludge clean fill.
removed in 1987.

116-11-6 Received fuel fabrication uranium, P, thallium oxide, Four concrete basins measuring 45 x 33 medium Possible effluent
retention wastes from the N reactor, As, Hg, Sb, Be x 10 ft. Decommissioned in 1991. leakage; high volume
basin treated wastes by solar of liquid waste

evaporation. Received wastes . . received.
through 1985.

132-11-2 Filtered reactor exhaust air Co-60, Sr-90, Cs-137, 59 x 39 x 35 ft. concrete building, 90% low Building nrbble buried
building prior to emission using Eu-152, Eu-154 below ground. Demolished and buried under 3 ft. of fill;

HEPA and halogen fiRers. in-situ in 1983 and covered with 3 ft of fihers removed.
soil.

132-II-1 stack Emitted filtered air from the Co-60, Sr-90, Cs-137, 200 x 16 ft concrete stack, demolished low Building rubble buried
132-H-2 building. Eu-152 in 1983 and covered with 3 ft of soil. under 3 ft of soil.
Documented radionuclide

release in 1955.

116-11-0 crib Received low volumes of (See 132-H-2 building 4 x 4 x 2 ft crib used from 1950 to low Crib was in service
cooling water during periods evaluation) 1952. Excavated in 1960 to a depth of (See 132-H-2 only two years, has
of fuel element failure; 30 ft for construction of 132-H-2 building been excavated to a 30
discharged waste from fuel building on same site. , evaluation) ft depth.
element failure.

a Rating is qualitative based on process information, analogous site information, and site-specific information such as size, potential contaminants, and location of
contaminations as indicated under rationale culumn.
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Table 4-3. Human Health Risk Assessment Summary (for sites where data are available).

Waste Site Human Health Risk Assessment Summary

Frequent-Use Scenario Occasional-Use Scenario

Qualitative Risk Risk Driving Qualitative Risk Driving
Estimation Contaminanta Risk Contaminanta

(and pathwayb) Estimation (and pathwayb)
1992 2018 (1992)

Sites with LFI
and historical
data

116-H-1 high high R(E)l(O) medium R(E)
trench

116-H-2 medium medium R(E) low -
trench

116-H-3 high medium R(E) low -
french drain

116-H-7 high high R(O,I,E)c 1(0) high R(E)
retention basin

116-H-9 crib medium medium R(E) 1(0,1) low R(E)

Sites with historical data only

process low low - very low -
effluent
pipelines (soil)

process high high R(O,I,E) high R(E)
effluent
pipelines
(sludge)

116-H-7 low very low - very low -
sludge burial
trench

- = None present.
a R = radionuclide, I = inorganic, 0 organic contaminant (at ICR = IE-04, HI = 1).
b O= oral, I = inhalation, E = external exposure pathways.
c Only the external exposure pathway has the risk-driving contaminants for 2018.
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Table 4-4. Environmental Hazard Quotients Summary for Radionuclides by Waste Site.

^-°

r^..

Waste Site Soil Depth (feet) Dose Rrte Exceeds
EHQ of I rad/day

116-H-1 Trench 0-6 yes

116-H-1 Trench 0-15 yes

116-H-2 Trench 0-6 yes

116-H-2 Trench 0-15 yes

116-H-3 Drain 0-6 no

116-H-3 Drain 0-15 no

116-H-7 Retention Basin 0-6 yes

116-H-7 Retention Basin 0-15 yes

116-H-9 Crib . 0-6 no

116-H-9 Crib 0.15 •- no

Process Effluent Pipelines (Soil) 0-6 no

Process Effluent Pipelines (Sludge) 0-6 yes

116-H-7 Sludge Burial Trench 0-15 no
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Table 4-5. Environmental Hazard Quotient Summary for Non-radiological
Contaminants by Waste Site.

Contaminant Soil Depth ( feet) Dose Rate Exceeds Wildlife NOEL

116-H-1 Trench 0-15 yes-arsenic

116-H-7 Retention Basin 0-6 yes-arsenic, lead, zinc

116-H-7 Retention Basin 0-15 yes-arsenic, lead, zinc

116-H-9 Crib 0-6 yes-barium, manganese, vanadium

116-H-9 Crib 0-15 yes-barium, manganese, vanadium
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APPENDIX A

HISTORICAL DATA

This historical data presented in this appendix are referenced in Chapter 3.0 in the
Qualitative Risk Assessment.
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Table A-la. 116-H-7 Retention Basin Sample Holes. (Sheet 1 of 2)

107-N RETENTION BASIN

SAMPLE IK!LES DRILLED OUTSIDE OF BASIN

Sample No. Pu-238 Pu-239/240 Sr-90
ca er

----------

N-3 c/wr Eu-152

- -- -

Cu-60 Eu-154 Cs - 134 Cs -137 Eu 155 U C 14

A 20 • 2.3x10 ^ 9.8x10 <200 1.6a10
I

• • • • •
8 15

16 S 0 ^ ° °
<200 8.6x10°

=
7.1x10°

=
3.2x101 1.4a10 1 2.2x10• 1.3x101.Ox! 3.2x10

°
9.5x10

°
1000 2.1x10 1.9x10 6.8x10' • 8.2x101 1.3x10! 4.0x10-1 •20 •

.
1.2x!0 4.7x!0

^'
600 1.6x10'0 1.2x10= 4.7x10' • 1.8xi0^ 1.3x1o°25 . 6.Bx10 '200 1.6910 9.0x10 I 3.4x10 • 3.8x10o 1.8x10°

C 15 • • 3.BxI0 ' Q00 • • 2.1x10 1 • • 1.400 1 • n
D 10

°
<200 3.8x10 ^ 7.2xI0 = • B.Oa10 t 2010°1 2 2x1020

• ^
1.4x10 <200 3.6x!0 3.8zI0 • •

.
3.1x10 =

.
3Jx10 = 2.8x10 ' •

^
^J ,

N 5
D 15: • • a 2.Ox10

<200
<200

•
! 6xIO 1

•
•

•
•

^ •
•

•
4x103

1.Sx10
9 10"1

.

m
Z, 19- •1/2 1.5x10 o!.Ox10-^ 1000

. z
4.1110 2.41102 1.3x10

=
•

.
1.5x10

. x
2.4x10'

:

25 •
•

• 5.9x10 200 3.5x10a
°

' 2.6x10I l.lx!01 • 7.5x10° 2.3x!0° 5.1110 ^ • D30 • 5.Ox!0 <200 7.5x10 2.3z10° 1.2x101 • 2.7x10° 5.9x10-,
1 10

20 • •- 5.Ix10_1
<200
<200

•
1.2x10a

•
8.7z!0°

•
5.8x10

•
•

•
2.9z10a

2.5x10
2.Ix!025 • 5.Ox10 B.7x10_1 1000 3.2x102 3.0x102 1.1x102 • 1.4x101 1.9x101 Iz10 14 •30 • • 4.9x10 <200 • . 1.5x!0 1 • • 5.2x10g 1.6x10

.
<

J IS
25 • • 6.3x10o1

4200
<200

•
4.7x10 '

•
3.Ox10a

•
3.2x10

•
•

•
Bx1011

I.Bx10 1

1 2x10 1

0

35 • • 1.1x10 <200 1.6x!0-^ • • •
.

5.1x10 1
.

•
K 10 • 1.9x10 ', 3.3x10o^ <200 7.ix10 k 5.3x10 • • • 0x10"115 • 1.6xI0 4.1x10

°
500 4.2x101 I.Ox!0= 1.6x10, • 4.1x10'

.
3.5x109 4.Ix10 ' •

20 •
•

•
•

2.5x10
°

300 4.9z101
1

3.1x!01
1

1.4x101 • 1.2x101 2.7x!0°
30 2.0410 <200 1.6z10 2.3z!0 4.4x10° • 2.61101 1.2x10°

L 5 •
•

•
0

5.Ba10 =
1

<200 2.9xI0 12 8.9x10== •

,

• 6.8zI0= 8.3x10 =10
15 •

1.2110
°

6.9x10
^

600 1.6x10 1 1.3x10=j 5.3x101
'

• 6.7x10, 7.6x!o°

•
1.9x10 l.Bx10 ^ 400 9.8x10 7.2x10 3.3x10 • 6.2x10' 5.4x!0° 3.5xI0 ' •20

•
• 8.9x10

°
<200 1.Oz1

°
3.8x10 3.OaI0 ^ • 3.1z10, 2.3xI0'125 • 1.2x10 <200 1.7x10 9.2x10 B.8x10 1 • 2.2x101 5.6x10 2

M 10
IS • •

<200
8.7x10^ 4.4x10 1<200

2.0xI0 1

1.ox10 1

4

1.500
•
•

•
•

•
9.9a10 =

2.4z10 1

6.7x10-2 2.0x10 1 •

L.ocation C was drilled Into the sludge burial trench east of the 116-H-7 retention basin.

Source: Dorian and Richands 1978.



Table A-la. 116-H-7 Retention Basin Sample Holes. (Sheet 2 of 2)

107-H RETENTION BASIN

SAMPLE HOLES DRILLED OUTSIDE OF BASIN

Y
N

Samoie No. Pu-238 Pu-239/240 Sr-90 N-3
r-^^^^ca^er

c/m Eu-152 Co-60 Eu-154 Cs-134 Cs-137 Eu-155 U C-14

N 10 • •' 6.0x10 ^ <200 • • z_ • • + z 9.5x10_^ i
10 • • 1.tx10 <200 * 6.0x10 * • 4.5x10 1.1x10 1.9x10_ •

0 5 •_1 2.Ox10o '200 1.9x10Z^ 7.2x10^z •^ • 3.4x10_ z 3.0x10 ^
10 •_z 5.2x10_i 1.0x10° 500 1.1xlOz 6.0x101 4.1x10i • 3.3x10i

o
7.4x10i

IS 7.9x10 5.9x10 3.1x10 450 1.8x10 8.0x10 5.7x10 • 3.9x10 1.1x10
P 10

20
•
•

•
*

•

3.3x10° S.3x10
1 <200

<200
•

1.9x10 '
•

2.7x10_=
*
•

•
•

•
•

. *
lxlO ^S 8x10-I •3

30 • •
z

3.1x10 `200 + 6.1x10 • •
_z

4.2x10
_.

1.0x10
.

Q 10 2.7x10 1.4x10 z
-

1.3x102

.

a <200 • • 2.Bx10 ' • 3.Ox10 z 6.0x10Z ^
20 * . 1.3x10 2.6x10 1.410 <200 * • • • • 8.6x10 2 9x10
25 z <200 *

,
• * • • 2.4x10

1
z

.

30 • • 3.4x10 <200 1.9x10 • * • • 8.8x10

N 10 -2 <200 • * • • 4.9x10 z 3.6x10
1

15 • • 2.3x10z
1

<200 • 1 • 1 * • 3.6x10_2 • _^
20 • • 1.7x10 4.3x10 <200 2.Sx10 3.1x10 z • • 4.7x10 • 3.0x10
30 * • • <200 * 5.ox10 • • *

_^
1.0x10

Rlver •' 1.3x10 1 8.7x10
I
1.4x10° <200 1.0x10 3.6x1C^ • 2.5x10

a
8.5x10 z 4.5x10

I
Beach
Sanple

x
n
tn
^

z

<̂

0

Source: Dorian and Richards 1978



Table A-ib. 116-H-7 Retention Basin Sample Holes.

107-H RETENTION BASIN

SAHPLE HOLES DRILLED 1NSI0E OF BASIN

w

P-ll/Scaler - - - ^
Samnle No. _Pu-238 Pu-239/240 Sr-90 H-3 C/m Eu-152 Co-60 Eu-154 Cs-134 Cs-137 Eu-155 U NI-63 C-14

z 1 • - • 1.3x10°^ <200 1.6xi0:^ • • • 4.7x10 x • -x2 • • 9.8x10 4200 3.8x10
i

• • • 5.2x10 7.8x10
2-1/2 • 4 JxlO 1 3.0010° 200 7.8x10 1.9x101 2.6x10^ • 2.0x10° 2.3xI0° .
3 5.1x10 1 1.4x101 1.4x10x 1.9xI0i 10.000 8.1x10x 2.1x10x 2.7x10x 1.2x103 3.0x101 1.3x101 8.3x10 i 1 .2xI01 •
3C I.Sx10 3.9x10° 4.4x10i 3,000 3.6x10i 9.1xI0^ 1.4x10x 5.2x10x 6.2x101 8.3x10i 5.2x102
5-1/2 • • 1.8x10 i 3.7010° 200 8.7x10i 8.5x10i 2.9x10i • 1.5x10x 1.6x10° 4.1x10-i •
7-1/2 • • 8.9x10-^ 4200 5.0x10 i 3.2x10 i • • 1.4010° 9.7xI0 x _

12-1/2 • • 6.7x10° `200/20 2.2x10-i 7.Ix10 = • • 3.6x10° 1.1x10 i

r 1 • • 2.5x10 2
'200 1.7x10 i • • • 8.6x10 x 1.3x10 i

2 • B.0x1o i l.1x10-1 1200 • 5.5x10-= • • 3.1x10 = •
3 • 5.5x10 ^ 4.1x10° •200 7.5x10i 2.5x10i 2.4x10^ • 3.6x10° 3.7x10°
4 • • 5.6x10 ^ 4200 3.1x10 ^ 1.6x10 ^ • • I.1x10 I

1.7x10 i
4-1/2 1.Ox10° 2.2x10i 2.5x10° 3,000 3.8x10a 1.3x103 I.7x)Or • 2.9x10x 6.6x10^
5 1.4x10° 3.2x10I 2.4x10i 5.5x10^ 40,000 3.91110° 1.8x10° 2.0x10° 8.9x101 2.9x10j 9.9x10x 4.7x10° 2.0xI04 •
5-1/2 • 9.8010° 3.7xI00 I 3.000 1.0x1031 4.8x10x 4.8x102 1 • 2.2x102 4.9xI011 -I
7-1/2 • • 2.8x10 1.7x10 200 5.51110- 5.Bx10 8.3x10- • 2.1x10 2.5x10 1.6x10 •

10 • 1.8x10 i 1.5x10°I <200/30 7.4410° 8.5x10° 2.5x10° • 1.7x10' •
12 ' • 1.8x10 6.6x10 •200/30 5.0x10° 1.3x10I 1.8x10° • 8.7410° 1.100 i

x
n

^
M
z

<̂

C.

I

Source: Dorian and Richards 1978
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Table A-2. 116-H-7 Rentention Basin Fill.

107-H RETENTI011 BASIN FILL

BASIN SLUDGE

^

Ave. Depth • 2' Mass • 1.9 x 109g

Concentratlons (pCl/°)

Sample No . Pu-238 Pu-239/240 Sr-90 H-3 Eu152 Co-60 Eu-154 Cs-134 Cs-137 Eu=155 U N1=61 CI4

AS 4 • 4.4410° 2.6x101 3.ox10° 5.6x102 2.8x102 2.2002 • 2.9x101 7.6x10° 4.0x10 I

DS 4-1/2 1.1x10° 5.6x101 8.2x101 4.1x10° 1.4x104 2.800' 3.900' 1.8x101 5.2x101 2.9x10= 9.2x10
AN 4-1/2 • 9.Ox10- 1.4x101 3.9x10° 9.2x101 8.4x101 4.8x101 • 1.8xI02 '1.2x101 2.2x10

BN 4 1.5x10° 3.9x101 7.4x101 3.7x102 7.3x103 3.1xI0s 2.5x10s 2.9001 1.9x10= 6.2x10' 5.2x10
1

CN 4 7.7x10° 2.0x10= 3.5x10x 2.2x10= 2.0x104 5.0x10' 6.5x10' 2.9x101 1.2x10' 1.7xI0x 3.4x10° 4.7x10'
ON 4 4.ox10° I.lx10x 1.1x10t 2.4x10= 1.2x104 3:Ix10' 3.7x10' • 5.7x10z 1.7x107 1.2x10°
X 3 5.1x10-1. 1.0101 1.4x10t 1.9x101 8.1x102 2.1x102 .2.7002 1.2x10s 3.0a101 • 8.3x10 1.2x103 •
V 5 1.4010° 3.2x101 2.4x101 5.5x101 3.9x104 1.8x104 2.0x104 8.9x101 2.900' 9.9x10t 4.7x10° 2.0x104 •

Ave. pCl/9 2.1 5.7x101 I.Ox102 1.3x102 1.2404 4.Ix10s 4.6x10s 5.4x101 7.0402 1.1x10' 1.5 8.6x10' 0.6
Curles 4.0xI0 ' I.1x10 t 1.9x10 1 2.500 1 23 7.8 0.7 l.Ox10-1 1.3 2.1 2.9x10

3
16 0.0

Total Curies In Sludge • 60

n
tn
d
[^7

z

m

0

Source: Dorian.and Richards 1978
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Table A-3. 116-H-7 Basin Effluent Pipe and Inlet Distribution Box.

tn

Concentration (pCt/g)

Sample Description °uPu ^aepu "Sr °H "tEu aaCo 'a'Eu 1°'G '"Cs '^E U "No. u Ni

Z-1 Loose scale 4.340" 1.1x102 5.400' 2.1x10' 8.2x10' 8.4x103 • 9.7402 55x10=from a piece

of vent pipe

lying on the
distribution

chamber floor.

Z-2 Sludge along l.lxl0' 2.3x102 1.440' 1.6x10r 5.9x10` 9.34W l.lxl0' 1.940' 42x1W 6 940 3 340°distribution . .

chamber floor.

Z-3 Scale from 1.0x10^ 1.4x10' 2.1x10' 1.3x10' 2.8x10' 2.3x10' 9.7x102 14410° 2.1x10' 4 2x10' 13x100 1 4 10'inside inlet . . x

effluent line to
distribution
chamber.

Z-4 Cement chips 5.4x10° 2.0x10' 3.8x103 4.240' 1.200' 1.9x10" 8.040' 2 400°from wall .

surrounding

inlet effluent

line to
distribution
chamber.

Z-5 Pieces of ` 4.9x10" 3.5x10' 3540' 1.1x10' 1.Ix103 3.4x10' ` 1540° 4 6x10'charred wood .

lying at west
end of
distribution
chamber.

*Less than analytical detection limit.
Note: Blanks indicate data was not reported by the original authors.
Source: Dorian and Richards 1978.

G
x
n
tn
^
f'^cl
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WHC-SD-EN-RA-004, Rev. 0

Table A-4. Soil Column Along Effluent Lines to the 116-H-7 Retention Basin.

SOIL COLUMN

ALONG EFFLUENT LINES TO 107-H BASIN

Descriotion - Location is between two expansion boxes in the
effluent lines running to the 107-H basins,
approximately 200' from southwest corner of
basins.

Radionuclide Ave. pCi/g Max. pCi/g

Pu-238 * *

Pu-239/240 * *

Sr-90 1.3x10 Z 2.3x10-2

H-3 4.3x101 4.3x101

Eu-152 6.3x10 Z 2.5x10-1

Co-60 9.0x10 Z 3.1x10-1

Eu-154 * *

Cs-134 * *

Cs-137 3.3x10 2 4.9x10 Z

Eu-155 1.2x10 1 3.6x10 1

U 3.0x10-1 3.0x10-1

Source: Dorian and Richards 1978
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WHC-SD-EN-RA-004, Rev. 0

Table A-5. Soil Column Along Effluent Lines from 116-H-7 Retention Basin
to Outfall Structure.

SOIL COLUMN

ALONG EFFLUENT LINES FROM 107-H BASIN TO OUTFALL STRUCTURE

,f,+}
"`-

Radionuclide Ave. pCi/g Max. pCi/g

Pu-238 9.Ox10-3 2.7x10-2

Pu-239/240 5.1x10 Z 1.4x10-1

Sr-90 6.3x10-2 1.3x10-1.

H-3 7.4x10-1 7.4x10-1

Eu-152 4.8x10 2 1.9x10-1

Co-60 * *

Eu-154 7.Ox10-2 2.8x10-1

Cs-134 * *

Cs-137 7.5x10-3 3.Oxl0-2

Eu-155 1.2x10-I 2.4x10-1

U 2.9x10 1 2.9x10-1

C-14 * *

Source: Dorian and Richards 1978
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Table A-6. 116-H-1 Trench.

116-H-1

107-H LIQUID WASTE DISPOSAL TREHCII

Concentration (pCl/q )

Sanoie No. Pu-238 Pu-239/240 Sr-90 H-3
•-iinca

c/m
ler

Eu 152
--

Co - 60
-

Eu - 154 Cs - 134 Cs )37 Eu 155 U C-14
E 15 • • 1.4x10 1 <200 • • • • • •

•
F 2 3.2x10 I 6.6z10° 5.2x101 3000 1.2x10' 2.8z102 3.1x101 • 5.8x102 4.2x10'
0 ZQ 5.5X10 = <200 5.5x10 1 • 2.9x10 • • -3 Ox10 , x

R 5
<200 • • • • 4.6xI0 :

. -I
1.Ox10

• n

15 8x10 1
94• 7xI0 '

400
`200

2.9x10°
°

6.8x10 10
5.0x10

o
3,6x10 ° 1.3x1 0°

o
4,7x10 O

D 18
00

1.5x10 ^
•

-11.3x10
. ,

8.2x 1
10

°
000

5.1z10
.8x10 a

1.0x10
x10=4

1 7x10.
5 9x10=

.

•
2. 8x10
5 2 1 Z

6.Ix101
'

^ <3 1x10- ^. r1
0

25 •
•
•

3.6x10
.Jx10 1I

<200
< 200

5.4x101
7 1x10°

.
1.4x101
7 10I

.
1.4x10'

0 1
•

. x 0
6.5x10

I

9.3x10
oI.Bx10
2

• z

:6

S 18 • 4x10 12
5'1xl0Ql
1 9 10

<200
.

3.7x10°
,

. x

9.Bx10

3,2x1

1.2x10°

•

•

9.5x10

1.9x10°

4.2x10

3.8x10
D

23 `
.

1. 8z10"
. x

1.6x10'
200
600

5.3x10
2 Sx10x

1.2x10^
6 1 10^

1.2x10'
6 5 1 ,

•
•

2.7x10'
,

1.4e10°

`
25 • • 2.6x10° <200

.
1.5x10"

. z
5.5x10-2

. x 0
6.2x10 4.0x10 x

5.6z10
7.5x10 t

8.0x10.0
Ox10 1IT 10

20 ' • 2.4010° 6.3z10I
<200
<200

4.Ox10 l

4 3x10°
•

4 2x10-I
•

6 8 10
•
•

1.6x10
°

.

2.2x10
^ ^25 <200

.
4.4x10°

.
5.3x10

. x
1.0x10° `

3 .6z10
4.1x10°

3.Jx10
3 0x10

1.6x10 •
U 10

15 • 2.Ox10 ^ o1.Bx10
<200
4200

4.6xI0°
6 3x10°

8.4x10
1 2010°

9.9xI0
I 1 °

•
•

1.8x10°
°

.

•
17-12/
20

3.Ix10
•

i
I.IxID
2 4 0

18.2x10
°

2000
.

2.1xI0,
.

1.8x10t
. x10

2.5x103 •
2.2x10
4 oxlOZ

3.3z10
3 0 10

25 •
. a1

*
1.7x10
1.3x1o°

200
<200

3.3x101
1 1x1D°

4,6z10,
S1 IO 1

8.4z10_° •
.

21.2z1D
. x

o1.R^1D
_

13.Ox1O

Y 10
. . R 4.8x10 • 3.6x10

15 .200 4.1a10° 7.9x10° 1.7x10° • 3.2x101 5z10 11
20

• .
• 2.5x10°

.200
<200

1.2x10°
10 19 1

•
-z

2.OxI0
-1 =3.4:10 5.3z10

.
13.4x10. x 7,2x10 2.Bx10 I.Ox10 •

Source: Dorian and Richards 1978
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Table A-7. 116-H-2 Trench and 116-H-3 French Drain Soil Concentrations.

116-H MISC. CRIRS 6 TRENCIIES

^

116-11-2 1608-II TRCIICH

---A I • 1.3x10 ' 7 3,10'
5 • • 3.3x10 t

10 1.9x10

0 2-1/2 e • 5.4x10'
S • •

t
1.2R10

C S • • 5.0x10o
10 1.0R10

0 10 • • 1.3x10

t 15 • • I.1x10

F 10 • • I.840 '

116 - H-3 105-H DUMMY DECONTAMINATION DRAIN

A 15 • 2.7x10 5.6x10 '

C 4

0 4

1.9x10° 400 2.7x101 6.4010° 6.2x10° 8.2x10 2 2.8x10 ' 2.5x10° 4.5x10-'
6.8x10° <200/100 3.8x10 ' 2.6x1o ' 2.2x1o ' 3.3x10= 1.4x10' 3.5x10 ' 2.0x10-•'

<200/20 • • a • . •

1.Ix100 <200/100 4.3x10-' 2.7x10 1 • • 1.4xI01 5.6x10 ' 1.5x10-I
<200/10 • • • • 3.Sx10-x • '

I.1x10' <200/I50 6x10°2 3.6xI0° 1.0x1D • 1.7x10t 9.SxI0-' 1.7RID-'
<200/20

.
• 4.1x10

2
• • ' I.Ix10° 5.4x10-2

4.5x10t <200/80 7.0x10 ' 6.600 t • • 1.400 2.1x10-I 1.8x10 '

<200/35 • • • 3.100 x 1.1x10 ' 7.000
2

<200/40 • • 1.3x10 ' • 6.500-2 8.3x10 2

4.4x10° <200/60 2.0x10 1.6x10 1.1x10° • 1.1002 2.200

7.2x101 3.0x101 1.7x101 • 5.7x101 9.0x10-'

2.4x10t 1.1x10x 8.0x10° a 2.100 4.000-'

A-1 -- Surface sample from south end of trench.

Samples C-4 6 D-4 were some characterization samples taken In 1961. The results were decay corrected to 12/30/75.
C-4 & D-4 were taken 4 feet and 2-1/Z feet away, respectlvely, from the trench draln.

n
in
U

z

^

0

Source: Dorian and Richards 1978



WHC-SD-EN-RA-004, Rev. 0

Table A-8 Results of Inorganic Analyses on 116-H-6 Retention
Basin Wastes. (sheet I of 8)

Basin No. 1 (Inner°) Sludge

Analyte Average Concentration
(mg/kg)

Concentration Range

(mg/kg)

Al 2,100 1,800 - 2,400
Sb
As
Ba nd
Be
B nd
Cd
Ca 800 700 - 1,000
CI
Cr . 900 700 - 1,000
Co
Cu 119,000 100,000 - 112,000'
F
Fe 1,700 1,300 - 1,900
Pb
Li nd
Mg nd
Mn 1,200 1,000 - 1,400
Hg
Mo
Ni 100 <700 - 200
NO3 80,000 60,000 - 100,000
NO2
PO4
P 1,100 900 - 1,300
K
Se

Si 8,100 7,200 - 9,300
Ag
Na 200,000 180,000 - 240,000
Sr
SO4 200,000 180,000 - 240,000
TI
Sn

Ti 100 70-200
TOC

U 420 390 - 530
V
H=O 220,000 190,000 - 250,000
Zn 300 300 - 400
Zr 30,000 20,000 - 40,000

A-10



WHC-SD-EN-RA-004, Rev. 0

Table A-8. Results of Inorganic Analyses on 116-H-6 Retention
Basin Wastes. (sheet 2 of 8)

Basin No. I (Outerb) Sludge

Analyte Average Concentration

(mg/kg)

Concentration Range

(mg/kg)

Al 4,600 1,300 - 7,900
Sb
As
Ba 75 100-50
Be
B 100 100-100
Cd
Ca 1,800 500 - 3,100
Cl
Cr 450 400 - 500
Co
Cu 58,500 54,000 - 63,000
F 69,000 - 67,000 - 71,000
Fe 2,200 1,000 - 3,400
Pb
Li 80 100-60
Mg 725 <500 - 1,200
Mn 750 700 - 800
Hg
Mo
Ni 300 <400 - 400
NO3 15,000 14,000 - 16,000
NO2
PO4
P
K
Se
Si 17,000 6,000 - 28,000
Ag
Na 217,000 205,000 - 229,000
Sr
SO4 341,000 327,000 - 355,000 ,
TI
Sn
Ti 225 <100 - 400
TOC
U 119 83 - 155
V
HzO 229,500 228,000 - 231,000
Zn 300 300 - 300
Zr 17,000 16,000 - 18,000
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Table A-8. Results of Inorganic Analyses on 116-H-6 Retention

Basin Wastes. (sheet 3 of 8)

Basin No. 2 Liquid

Analyte Average Concentration
(mg/kg)

Concentration Range

(mglkg)

Al 36 30 - 44
Sb nd <5
As nd <7
Ba

Be

B 63 <30 - 97
Cd nd <0.06
Ca 9 <5-13
Cl 290 260 - 320
Cr 20 16 - 23
Co 1 <0.4 - 1
Cu 410 120 - 940
F 1,500 1,400 - 1,600
Fe 7 3 - 1,400
Pb nd <5
Li nd <300
Mg nd <5
Mn 7 <4-13
Hg
Mo I <1-<2
Ni 9 8-10
NO3 380,000 310,000 - 430,000
NO2 890 790 - 1,020
PO4 nd <300
P
K 720 670 - 820
Se nd <10
Si 2 1 - 3
Ag
Na 140,000 120,000 - 160,000
Sr 1 <0.5-1
SO4 8,000 7,800 - 8,300
TI nd <10
Sn 15 10 - 25
T-1
TOC
U

V nd <2
H20 570,000 570,000 - 580,000
Zn 3 1-5
Zr 780 320 - 1,500
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Table A-8. Results of Inorganic Analyses on 116-H-6 Retention
Basin Wastes. (sheet 4 of 8)

Basin No. 2 Sludge

Analyte Average Concentration

(mg/kg)

Concentration Range

(mg(kg)

Al 1,950 540 - 4,470
Sb
As
Ba
Be 6 4-8
B
Cd 334 158 - 634
Ca

Cl
Cr 450 292 - 727
Co
Cu <3 - <9
F - 130,000 99,000 - 154,000
Fe 11,000 5,700 - 18,100
Pb 1,066 641 - 1,559
li
Mg
Mn
Hg
Mo 1 <0.4-3
Ni

NO3 ^
NO2 135,000 82,000 - 175,000
PO4
P
K
Se

Si

Ag 24,000 6,000 - 93,000
Na 218 119 - >308
Sr 97,000 42,000 - 159,000
SO4
TI 38,000 6,500 - 152,000
Sn

r
TOC
U 1,905 237 - 3,828
V 1,250 28 - 2,500
H2O 2 <1.3 - 3
Zn 527,000 457,000 - 577,000
Zr

32,000 28,000 - 35,000
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Table A-8. Results of Inorganic Analyses on 116-H-6 Retention

Basin Wastes. (sheet 5 of 8)

Basin No. 3 Crystalline Material

Analyte Average Concentration
(mg/kg)

Concentration Range

(mg/kg)

Al 810 780 - 880
Sb nd <30
As
Ba 8 <10-3
Be 1 <4-1
B 2,700 2,200 - 3,000
Cd nd <3
Ca 83 48 - 140
Cl 50 <10-180
Cr 21 7 - 40
Co <3 <3 - <3
Cu 9,900 4,200 - 18,000
F 36,000 29,000 - 49,000
Fe 97 48 - 180
Pb <30 <30 - <30
Li nd <2,000
Mg 29 <20 - 37
Mn 66 31 - 140
Hg
Mo nd <8
Ni 11 <10-13
NO3 <10,000 <10,000 - <10,000
NO2 nd <230
PO' nd <520
P
K <100 <100 - <100
Se
Si

Ag 11 <5-17
Na 420,000 350,000 - 550,000
Sr 3 <3-5
SO4 200,000 160,000 - 260,000
TI <50 <50- <50
Sn 39 <20 - 73
r
TOC

U 25 8-62
V nd <10
H3O 11,000 5,500 - 18,000
Zn 33 17 - 52
Zr 6,200 560 - 15,000
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Table A-S. Results of Inorganic Analyses on 116-H-6 Retention
Basin Wastes. (sheet 6 of 8)

Basin No. 3 Sludge

Analyte Average Concentration

(mg/kg)

Concentration Range
(mg/kg)

Al 8,900 1,100 - 17,000
Sb nd <90
As nd 100
Ba 6 <1.0 - 22
Be 2 <0.5 - 4
B 40 <20 - <60
Cd 6 4 - <9
Ca 290 180 - 650
Cl 310 150 - 410
Cr 390 290 - 530
Co 5 <3 - <9
Cu 112,000 88,000 - 140,000
F 13,000 9,800 - 15,000
Fe 710 540 - 1,000
Pb <80 <80 - <80
Li nd <5,000
Mg 67 nd - 120
Mn 970 800 - 1,100
Hg
Mo nd <20
Ni 130 96 - 180
NO3 260,000 170,000 - 290,000
NO2 660 430 - 790

P04 nd <430
P
K 680 <300 - 1,600
Se nd <200
Si

Ag 190 120 - 290
Na 230,000 200,000 - 300,000
Sr 17 11 - 36
SO4 37,000 19,000 - 53,000
11 nd <200
Sn 480 360 - 750
Ti

TOC
U 870 320 - 1,560
V <30 <30 - <30
HiO 420,000 350,000 - 510,000
Zn 370 280 - 520
Zr 87,000 22,000 - 220,000
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Table A-8. Results of Inorganic Analyses on 116-H-6 Retention

Basin Wastes. (sheet 7 of 8)

Basin No. 4 Crystalline Material

Analyte Average Concentration

(mg/kg)

Concentration Range

(mg/kg)

Al 440 200 - 610
Sb nd <30
As nd <40
Ba 2 1 - 3
Be 0.4 <0.09 - 0.6
B 1,400 300 - 2,700
Cd nd <3
Ca 61 43-100
Cl 110 <20 - 330
Cr 6 3 - 11
Co 3 1 - <6
Cu 2,600 1,700 - 4,500
F 22,000 2,800 - 58,000
Fe 77 42 - 150
Pb 14 <5 - <20
Li nd <2,000
Mg 26 nd - 35
Mn 20 nd - 34
Hg
Mo nd <8
Ni 7 <2-<10
NO3 466,000 71,000 - 710,000
NO2 nd <230
PO4 nd <520
P
K 56 <20 - 130
Se nd <60
Si
Ag 12 nd - 32
Na 380,000 300,000 - 500,000
Sr 2 <3 - 1
SO4 130,000 15,000 - 310,000
TI 34 <10 - <50
Sn 58 <5 - 150
Ti
TOC
U 12 7-20
V nd <10
H20 66,000 11,000 - 250,000
Zn 12 • 7-20
Zr 1,300 290 - 3,300
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Table A-8. Results of Inorganic Analyses on 116-H-6 Retention
Basin Wastes. (sheet 8 of 8)

Basin No. 4 Sludge

Analyte Average Concentration

(mg/kg)

Concentration Range

(mg/kg)

Al 430 390 - 490
Sb nd <90
As nd 100
Ba 24 <1-39
Be 0.4 <0.09 - 1.8
B 31 26-38
Cd 4 3-5
Ca 84 67 - 110
Cl 210 170-230
Cr 260 210 - 340
Co 2 nd - 3
Cu 103,000 97,000 - 120,000
F 11,000 9,800 - 12,000
Fe 2,100 1,200 - 3,800
Pb 36 14 - <50
U nd <5,000
Mg 21 15-32
Mn 760 680 - 890
Hg
Mo nd <20
Ni % 81 - 110
NO3 220,000 200,000 - 240,000
NO3 390 330 - 460
POt nd <430
P
K 330 78 - 430
Se nd <200
Si
Ag 170 140 - 220
Na 240,000 230,000 - 260,000
Sr 4 4-5
SOt 19,000 13,000 - 39,000
Tl nd <200
Sn . 600 470 - 680
Ti
TOC
U 520 144 - 820
V 4 <2-<10
HjO 460,000 430,000 - 510,000
Zn 360 310 - 420
Zr 44,000 3,400 - 130,000

Source: WHC 1988a.
ote: nd = not detected, blank = not analyzed

Samples taken away from the basin walls.
amples taken near the basin walls.
As presented in WHC 1988a.
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Table A-9. 132-H-3 Sump Water Analysis.

Parameter Sample Number
86298

Sample Number
86299

Units

total suspended solids 13.0 <5.00 mg/L
specific conductivity 415 432 µmho/cm
pH 7.62 7.56 std. units
beryllium <5.00 <5.00 µg/L
osmium <300 <300 µg/L
strontium <100 <300 µg/L
zinc 14.0 15.0 µg/L
calcium 55,600 52,600 µg/L
barium 33.0 310 µg/[.
cadmium <2.00 <2.00 µg/L
chromium <10.0 <10.0 µg/L
silver <10.0 <10.0 µgjL
sodium 22,400 21,000 µg/L
nickel <10.0 <10.0 µgfL
copper <10.0 10.0 µg/L
vanadium <5.00 <5.00 µg/L
antimony <100 <100 µg/L
aluminum <150 <150 µg/L
manganese 16.0 15.0 µg/[,
potassium 10,500 9,960 µg/L
iron 74.0 124 pg/L
arsenic <5.00 6.60 µg/L
mercury <0.100 0.125 µg/L
selenium <0.500 <5.00 µg/L
magnesium 6,790 6,560 µglL,
lead 6.40 7.20 µg/b
total organic carbon 5,290 5,200 µgJl,
nitrate 4,050 4,000 µg/L
sulfate 77,400 68,800 µg/[,
fluoride <500 <500 µg/[,
chloride 5,160 5,170 µg/L
phosphate <1,000 <1,000 µg/L
ammonium 80.0 73.0 µg/L
total dissolved solids 330 243 rng/[,
alkalinity 150 151 mg/C.

Source: DOE-RL 1992b
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Table A-10. 132-H-3 Sludge Leached with Concentrated
Hydrochloric and Nitric Acids.

Parameter Concentrations (µg/L)

Sample No.: 87 - 155 Sample No.: 87 - 156

Al 7,000 3,700
As 37 29
Ba 220 500
Ca 8,400 8,900
Cd 15 18
Co 9.0 9
Cr 580 490
Cu 940 180
Fe 640,000 630,000
Li 10 8
Mg 5,300 5,000
Mn 480 1,090
Mo 25 16
Na 200 300
Ni 80 47
p 1,200 1,900
Pb 900 850
Sr 34 41
Ti 380 260
V 25 19
Zn 1,200 1,300
Ag <10 <10
Se <10 <10
Hg 16 27

Source: DOE-RL 1992b
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Table A-11. 132.H-3 Pumping Station Sump Sludge Extraction Procedure Toxicity Analysis.

Concentration (mg/L)
Parameter

Sample No.: 87 - 155 Sample No.: 87 -156

As <0.08 <0.08
Ba 1.19 0.97
Cd 0.16 0.06
Cr <0.02 <0.02
Pb 0.56 0.08
Hg <0.0001 <0.0001
Ag <0.01 <0.01

Source: DOE-RL 1992b
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Table A-12. 132-H-3 Pump Station 32 Feet Below Grade.

D
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Source: Dorian and Richards 1978
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APPENDIX B

TOXICOLOGICAL INFORMATION
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Amdur, M.O., J.D. Doull, and C.D. Klaussen, editors, 1991, Casarett and Doull's Toxicology: The
Basic Science of Poison, 4th Edition, Pergamon Press, New York, New York.

Clayton, G.D., and F.E. Clayton, editors, 1981, Patty's Industrial Hygiene and Toxicology, 3rd
edition, John Wiley and Sons, Inc., New York, New York.

DOE-RL, 1993a, Hanford Site Baseline Risk Assessment Methodology, DOE-RL 91-45, Rev. 2, U.S.
Department of Energy, Richland, Washington.

Eisenbud, M., 1987, Environmental Radioactivity, Academic Press, Inc., San Diego, California.

EPA, 1992, Health Effects Assessment Summary Tables: Annual FY- 1992, OHEA/ECAO-CIN-821,
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Response, Washington, D.C.

EPA, 1993, Integrated Risk Information System (IRIS), data file, U.S. Department of Health and
Human Services, National Library of Medicine Toxicology Data Network (TOXNET),
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The purpose of Appendix B is to present toxicological information for contaminants of
potential concern identified at the 100-HR-1 operable unit. The categories of information
include:

• general background information
• exposure route
• acute toxicity
• chronic toxicity
• carcinogenicity
• supporting information

Data sources for the information provided in the appendix include EPA documents
and standard reference texts. These sources are:

• EPA Integrated Risk Information System [(IRIS)] (EPA 1993)
• EPA Health Effects Assessments Summary Tables [HEAST] (EPA

1992)
• Toxicological Profiles for Individual Compounds, Agency for

Toxic Substances and Disease Registry
• Casarett and Doull's Toxicology, the Basic Science of Poisons

(Amdur, et al. 1991)
• Patty's Industrial Hygiene and Toxicology (Clayton and Clayton

1981)

Table B-1a and B-1b summarize the carcinogenic toxicity values (i.e, slope factors) for
the radioactive and non-radioactive substances, respectively. Table B-2 summarizes the non-
carcinogenic toxicity values (i.e. RfDs) and the corresponding critical effects for all inorganics,
organics and ions analyzed qualitatively in Section 3.0. The following toxicological profiles are
for those contaminants that failed preliminary risk-based screening and are assessed
quantitatively. Additional information for the toxicity values is discussed in HSBRAM
(DOE/RL 91-15, 1993a).
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TOJQCITY PROFILES.FOR
RADIOACTIVE CONTAMINANTS OF POTENTIAL CONCERN

All radionuclides are classified by EPA as Group A human carcinogens due to their
property of emitting ionizing radiation. For radium, this classification is based on direct
human epidemiological evidence. For the remaining radionuclides, this dassification is based
on the knowledge that these elements are deposited in the body, delivering calculable doses
of ionizing radiation to the tissues. Despite differences in radiation type, energy or half-life,
the health effects of ionizing radiation are identical, but may occur in different target organs
and at different activity levels.

Cancer induction is the only human health effect of concern resulting from exposure

to radioactive environmental contamination; since the concentrations of radionuclides

associated with significant carcinogenic effects are typically orders of magnitude lower than
those associated with systemic toxicity. The cancers produced by radiation cover the full
range of carcinomas and sarcomas, many of which have been shown to be induced by
radiation.

EPA's Health Assessment Summary Tables (HEAST; EPA 1992) and Eisenbud (1987) are
used as the source of radionuclide information including half-lives, lung class, gastro-
intestinal (GI) absorption, and slope factors.

AMERICIUM-241.

Americium-241 (Z=95) is a product of neutron activation of uranium in fission reactors
and nuclear weapons detonations. It is a decay product of plutonium-241, and has a half-life
of 432 yr. Americium-241 decays (to radioactive neptunium-237) by alpha emission, making it
an important inhalation and ingestion hazard. Americium-241 is classified as lung dass W
with a GI absorption factor of 0.1%. Upon intake, it deposits mainly in the bone and liver,
from which it is removed very slowly.

CESIUM-134

Cesium-134 (Z = 55) is a neutron activation product produced in nuclear reactors. It
has a half-life of 2.06 yr, and decays by beta emission to stable barium-134. This decay
releases high energy ^amma rays, making cesium-134 an important external exposure hazard
[external SF = 5.6x10 (pCi-yr/g)'1]. All cesium isotopes are assigned lung class D, and a GI
absorption factor of 100%. Cesium is an alkali metal with properties similar to potassium and
rubidium. Metabolism of cesium resembles that of potassium such that it is distributed
uniformly throughout the body.

CESIUM-137

Cesium-137 (Z = 55) is a fission product, and is a pure beta emitter with a half-life of
30.2 years. Its short lived daughter, barium-137m, is a high-energy, high-intensity gamma
emitter, making cesium-137 an important external exposure hazard [external SF =
2.0x10-6 (pCi-yr/g)"I]. The metabolism of cesium resembles that of potassium, such that
isotopes of this element are readily absorbed and distributed throughout the body (GI
absorption factor of 100%, lung class D).
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COBALT-60

This neutron activation product (Z = 27) decays through beta emission (to stable
nickel-60), and emits high energy, high intensity gammas, making this radionuclide a very
important external exposure hazard [external SF = 8.6x10-6 (pCi-yr/g)'1]. Cobalt-60 has a
physical half-life of 5.27 yr, lung class Y, and GI absorption of 30%.

EUROPIUM (152, 154, 155)

There are three potentially important isotopes of europium (Z = 63): europium-152
(half-life - 13.6 yr), europium-154 (8.8 yr), and europium-155 (5.0 yr). Europium-152 decays
by beta emission to stable gadolinium-152. It emits a multitude of high energy gamma rays,
making it an important external exposure hazard [external SF = 3.6x10-6 (pCi-yr/g)"1].
Europium-154 decays by beta emission to stable gadolinium-154. This isotope is also an
important external exposure hazard [external SF = 4.1x10 (pCi-yr/g)"I]. Europium-155 decays
by beta emission to stable gadolinium-155, and is not particularly hazardous by any pathway.
All europium isotopes are classified as lung class W with a GI absorption factor of 0.1%.

NICKEL-63

Nickel-63 (Z = 28) is a neutron activation product with a half-life of 100 yr. It is a low
energy beta emitter, and has no associated photon emissions. Therefore, it is a relatively
small ingestion and inhalation hazard, and is not an external exposure hazard. Nickel is
assigned a lung class W, and a GI absorption factor of 5%.

PLUTONIUM (238, 239, 240)

Like many transuranic elements, plutonium (Z = 94) exists largely because it is
artificially produced in nuclear reactor fuels and nuclear weapons testing. Plutonium isotopes
must have existed in nature at one time, but their half-lives are short enough that they
disappeared long ago. The plutonium isotopes of concern (atomic mass numbers 238, 239,
240) have half-lives of 88, 2.4x104, and 6.6x10^ yr, respectively: All three isotopes decay by
alpha emission, making them important inhalation and ingestion hazards. Plutonium-238
decays to uranium-234, and plutonium-239 decays to uranium-235. Both uranium isotopes
are part of long decay chains (see uranium profile below). Plutonium-240 decays to uranium-
236, which in turn decays (by alpha emission) to naturally occurring thorium-232. Because
plutonium-239 and -240 cannot be distinguished by alpha spectrometry, the two nuclides are
usually reported together as plutonium-239/240.

Studies in animals clearly indicate that bone, liver, and lung (by inhalation) cancers are
caused by plutonium exposure. However, available (and limited) human epidemiology
studies have not yet shown unequivocal association between plutonium exposure and cancer
(56FR33050). EPA classification of plutonium as a Group A, human carcinogen is therefore
based on analogy with other radionuclides and the fact that plutonium emits ionizing
radiation. Plutonium is considered a lung class Y, with a GI absorption of 0.1%. The fraction
of plutonium that does enter the blood stream deposits mainly on the bone surface and liver,
from which it is removed very slowly.
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POTASSIUM-40

Potassium-40 (Z = 19) is a naturally occurring primordial radionuclide. It decays by
beta emission (half-life = 1.28x109 yr) to stable calcium-40. Because of its relative abundance
and its energetic beta emission (1.3 MeV), potassium-40 is easily the predominant radioactive
component in normal foods and human tissues. The potassiumj40 content of the human
body is on the order of 0.1 µCi, providing a whole body dose of about 17 mrent/yr.
Potassium is assigned a lung class D, and a GI absorption factor of 100%. Potassium-40 is a
relatively small ingestion and inhalation hazard, but is a relatively important external
exposure hazard [external SF = 9.6x10'7 (pCi-yr/g)'t] due to high-energy gamma emission.

RADIUM-226

Radium-226 (Z = 88) is a daughter product of uranium-238. It decays (half-live =
1600 yr) to radon-222, a noble gas. Because it is an alpha-emitter, radium-226 is an important
ingestion and inhalation hazard. One of its daughter products (bismuth-214) is a high-energy
gamma emitter, making the decay chain an important external hazard as well.

•x-' EPA classifies radium-226 as a Group A, human carcinogen based upon clear evidence
of carcinogenicity to humans and animals (56FR33050). Most information on human health
effects of radium comes from epidemiological studies of two groups: radium-dial painters in
the early part of this century who ingested a considerable amount of radium paint, and
patients in Europe injected with a short-lived isotope of radium (radium-224) for treatment of
spinal arthritis and tuberculosis infection of the bone. Because radium is chemically similar to
calcium, it is sequestered in bone. EPA classifies radium as a lung class W, with a GI
absorption of 20%. Scientists have long recognized that exposed radium dial painters have
elevated rates of two rare types of cancer (bone sarcomas, and carcinomas of head sinuses
and mastoids). This conclusion is supported by the excess incidence of bone sarcomas among
laboratory animals injected with radium-226. At high levels of exposure to radium, several
non-cancer health effects occur: benign bone growths, osteoporosis, severe growth
retardation, tooth breakage, kidney disease, liver disease; tissue necrosis, cataracts, anemia,
immunological suppression, and death.

STRONTIUM-90

This fission product (Z = 38), along with its daughter, yttrium-90, is only an internal
hazard since both radionuclides have negligible gamma emissions. Strontium-90 is a relatively
important ingestion hazard (ingestion SF = 3.3x10'lt pCi1). Strontium-90 has a physical half-
life of 28.8 years. Yttrium-90 has a short half-life (64 hr) and, therefore, exists in equilibrium
with its parent. Being chemically similar to calcium, this element deposits in the bone and is
removed very slowly. Bone cancer is the primary health effect of concern from intakes of
radioactive isotopes of strontium. Strontium-90 is assigned a lung class D, and a GI
absorption factor of 30%.

THORIUM-228

Thorium-228 {Z = 90) is a naturally occurring as well as man-made actinide. It is a
relatively short-lived (half-life = 1.9 yr) daughter of the primordial radionuclide, thorium-232.
The decay of thorium-228 is followed by seven short-lived daughters before becoming stable
lead-208. One of these daughters (thallium-208) is a high-energy, high-intensity gamma
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emitter, making the decay chain an important external hazard [external SF = 5.6x10'6 (pCi-

yr/g)"t]. Thorium-228 itself is an alpha emitter and, therefore, an important internal hazard
(ingestion SF = 5.5x10'tl pCi1; inhalation SF = 7.8x10$ pCit). Following ingestion or
inhalation, thorium is largely deposited in the bone, from which it is released very slowly.

Thorium is classified as lung class Y, and has a small GI absorption factor (0.02%u).

THORIUM-232

Thorium-232 (Z = 90) is a naturally occurring primordial radionuclide. It is the head
of the thorium decay chain, members of which ultimately decay to stable lead-208.
Thorium-232 accounts for 100% of naturally occurring thorium. This isotope is also produced
in fission reactors as a result of neutron activation of uranium fuels. Because it decays by
alpha emission (half-life = 1.4x1010 yr), thorium-232 is a particularly important inhalation
hazard [inhalation SF = 2.8x10$ (pCi)"t]. Thorium is assigned a lung class Y, and a GI
absorption factor of 0.02%.

URANIUM (233, 234, 235, 238, total)

The uranium (Z = 92) isotopes of concern (atomic mass numbers 233, 234, 235, and
238) are all naturally occurring as well as man-made. Total uranium is largely made up of
uranium-234, -235, and -238. Uranium-238 (half-life = 4.5x109 yr) is naturally present at 99.27
wt% with respect to the other uranium isotopes. Uranium-238 is the parent of a long decay
chain, one daughter of which is uranium-234 (half-life = 2.4x105 yr; naturally present at 0.0057
wt%). Uranium-235, naturally present at 0.72 wt%, is often enriched for its use as a fission
reactor fuel, and has a half-life of 7.0x10s yr. Uranium-233 is not naturally occurring, and is
created as the result of neutron activation of thorium-232. Because they are all alpha emitters,
these isotopes of uranium are of greatest concern from ingestion and inhalation pathways. In
addition, daughters of uranium-238 and uranium-235 are high-energy gamma emitters, and
can make the decay chains important external hazards. Following ingestion or inhalation,
uranium concentrates in the kidney and bone. Uranium is assigned a lung class Y, and a GI
absorption factor of 5%. Natural uranium has a low specific activity (7.1x10'7 Ci/g), meaning
its emission of ionizing radiation is relatively wealc Therefore, chemical damage to the
kidney is likely to be more important than radiation damage. The proposed national primary
drinking water standard for uranium (30 pCVL; 56FR33050) is based on kidney toxicity.

ZIRCONIUM-95

Zirconium-95 (Z = 40) is created as the result of neutron activation of zirconium-94. It
decays by beta emission (half-life = 64 d) to radioactive niobium-95, which subsequently
decays to stable molybdenum-95. Zirconium-95 is a high energy, high intensity gamma
emitter, making it an important external exposure hazard [external SF = 2.5x10-6 (pCi-yr/g)'1].
However, it is not persistent due to its short half-life; it decays to approximately 1% of its
original activity after 1 yr. Zirconium is assigned a lung class W and a GI absorption factor of
0.2%.
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TOXICITY PROFILES FOR NON-RADIOACTIVE
CONTAMINANTS OF POTENTIAL CONCERN

ARSENIC

Arsenic is a common element found in the earth's crust usually in the form of arsenic
bearing minerals. Arsenic compounds have found use as pesticides, herbicides, wood
preservatives, pigments, and medicinal agents. Depending on the chemical species, arsenic
can be toxic via all routes of exposure. Long term exposure to arsenic compounds can result
in hyperpigmentation, hyperkeratosis (thickening, drying, and cracking of the skin and
growth of warts), and skin cancer. Skin cancer has been primarily associated with ingestion
of drinking water containing high levels of arsenic. Chronic exposure through inhalation of
arsenic compounds can produce weakness, loss of appetite, nausea, occasional vomiting and
diarrhea, and lung cancer.

The EPA has set an oral RfD of 3E-04 mg/kg-d for arsenic. The adverse effects of
concern are keratosis and hyperpigmentation. Arsenic is a human carcinogen (EPA weight-
of-evidence-classification Group A) known to produce lung cancer from inhalation and skin
cancer from ingestion of drinking water. The inhalation slope factor (SF) listed in IRIS is
5.0E+01 (mg/kg-d)'1, based on air monitoring and some biomonitoring exposure assessments
in large populations of smelter workers.

BARIUM

Barium is a silvery-white metal that occurs in nature in many different forms. It is
found naturally in drinking water and food. Barium and barium compounds are commonly
used in various industries and in human health care. For example, barium carbonate, barium
chloride and barium hydroxide are used to make ceramics, pesticides and additives for oil
and fuels. Barium sulfate is used by medical doctors for medical tests and X-ray
photography. There is limited quantitative information regarding the extent of barium
absorption following inhalation, oral or dermal exposure; however, as with many other
metals, barium is probably very poorly absorbed from the gastrointestinal tract.

Occupational studies of workers exposed to barium dust have shown that workers
have developed 'baritosis". Affected workers did not show any dinical symptoms except a
significantly higher incidence of hypertension (i.e., high blood pressure). The most commonly
observed cardiovascular effects in cases of acute ingestion of barium compounds are
hypertension and abnormalities in heart rhythm, while respiratory weakness and paralysis is
observed in cases of acute ingestion of barium salts by humans. Acute exposure in rats
indicates a lethal dose (LD.;Q) of 132 mg/kg-d for adult rats and 220 mg/kg-d for weanlings.

The EPA has set an RfD of 0.05 mg/kg-d for chronic oral exposures. Confidence in the
oral RfD is medium. Increases in blood pressure have been observed as a critical effect in oral
exposure studies. An inhalation RfD of 1E-04 mgfkg-d was derived by the EPA based on a
short-term reproductive study in rats. This RfD is under review and subject to change as
indicated in HEAST. There are no reliable data at present regarding the carcinogenicity of
barium.

B-6
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BERYLLIUM

Beryllium occurs in nature in rocks, soils and volcanic dust. It does not occur in its
elemental form naturally. Beryllium compounds vary in water solubility. A major portion of
beryllium will bind to soil.and is not likely to migrate deeper into the ground and
groundwater. The primary exposure routes for beryllium are inhalation and ingestion. The
dermal route is a minor one. Most ingested beryllium (>99%) is excreted. Inhaled beryllium
that enters the lungs remain there for an.extended period of time (months to years). Lung
and bone cancer are the most common cancers associated with beryllium exposure.

The EPA has set an oral RID of 5E-03 mg/kg-d (IRIS) for exposure to beryllium. There
are no toxic effects reported for the reference dose. Beryllium is a B2 (probable) human
carcinogen. The human epidemiology studies are considered inadequate. The oral SF for
beryllium is 4.3E+00 (mg/kg-d)'t (IRIS) based on water ingestion, and the inhalation SF is
8.4E+00 (mg/kg-d)'1 (IRIS). Both slope factors were derived from experimental animal
exposures to beryllium sulfate and other beryllium compounds.

CHROMIUM

Elemental chromium does not exist naturally in the environment, but is found
primarily as a part of chromite.ore. In compounds, this element exists in one of three valence
states, +2, +3, or +6. The trivalent form is an essential human micronutrient involved in
carbohydrate metabolism. Adverse effects have not been associated with the trivalent form.
The hexavalent form is important industrially (typically in the form of chromates) and has
been associated with serious toxicities. Human toxicity has been associated with hexavalent
chromium by all routes of exposure. Long term exposure to airborne hexavalent chromium
higher than natural background levels is known to produce lung and respiratory tract cancer
in humans.

The EPA has determined the oral RfD for hexavalent chromium as 5E-03 mg/kg-d
(IRIS) based on a drinking water study in rats. Hexavalent chromium is classified by EPA as
a known human carcinogen (weight-of-evidence classification is Group A) by inhalation
exposure. The inhalation SF is 4.1E+01 (mg/kg-d)'I. No evidence exists to indicate that
chromium is carcinogenic by the oral route.

LEAD

Lead is a naturally occurring bluish-gray metal found in small amounts in the earth's
crust. It is widely distributed in the environment, and can be transported to long distances.
Anthropogenic sources of lead come from gasoline additives, various metal products,
ammunitions, paint, and storage batteries. The largest source of lead in air is from
automobile exhaust. Children and pregnant women are the most sensitive subpopulations to
chronic effects from lead exposure. The effects of lead exposure in children are reported as a
decrease in IQ, neurological effects, including changes in brain function (encephalopathy)
which may progress to coma. Transplacental transfer of lead from mother to fetus in
humans, resulting in nervous system damage or changes, have also been reported in humans.
Exposure to lead has also been linked to carcinogenic effects in laboratory animals.
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The EPA has classified lead as a Group B2 carcinogen (i.e., probable human

carcinogen). Although the agency has not derived a toxicity factor for lead, a range of 500-

1,000 mg/kg of lead in soil has been determined by the EPA as being protective of sensitive

populations.

MANGANESE

Manganese compounds occur naturally in rock Manganese is found in living organisms
as a cofactor in cholesterol and fatty acid synthesis. Exposure can occur by inhalation and
ingestion. The dermal exposure route is negligible. Manganese absorption from soil
exposures has not been investigated. It is important to note manganese is an important
element in human nutrition. However, overexposure to manganese in humans via inhalation
has been associated with "manganism" (i.e., a permanent brain damage which results in
mental disturbances and impaired body movements). Other reported adverse effects of
exposure to high concentrations of this metal are lung irritation, pneumonia, and impotence.

The EPA has set an oral RfD of 1E-01 mg/kg-d for oral exposure based on a total dietary
intake and the critical effects of psychomotor disturbances. The inhalation RfD is 1E-04
mg/kg-d based on critical effects of increased prevalence of respiratory symptoms, and
psychomotor disturbances.

VANADIUM

Vanadium is a metal found in compounds that are widely distributed at low
concentrations in the earth's crust. Elemental vanadium does not occur in nature, but is
associated with over 50 different mineral ores and in fossil fuels. Vanadium replaces other
metals such as iron, titanium and aluminum in crystal structures. The only significant effect
of vanadium exposure in human is mild to moderate respiratory distress, and mucosal
irritation from exposure to vanadium dust. Workers exposed to vanadium through inhalation
may develop coughs, chest pain, sore throat or eye irritation that can last for several days,
following the exposure. These effects are not specific to pure vanadium but are equally
associated with other vanadium chemical forms, following inhalation exposure.

The EPA has set an oral RfD of 0.007 mg/kg-d for chronic exposure via drinking water
ingestion. An assessment of carcinogenic potential in humans can not be made at present
because of the inadequacy of human and animal data.

BENZO(a)PYRENE

Benzo(a)pyrene of B(a)P is a chemical substance, formed as a result of the incomplete
combustion of fossil fuel, garbage, or any organic matter, which is carried into the air on dust
particles, and also distributed into water, soil, and on crops. B(a)P is a polycyclic aromatic
hydrocarbon (PAH) and is found in products that contain creosote-treated wood materiali,
asphalt roads, and coal tar. Environmental exposures to this compound also include home
heating with wood and coal, vehicle exhaust fumes, wildfires and agricultural burning.

B(a)P is readily absorbed via all exposure routes, rapidly distributed to several tissues,
and is eliminated in the feces, regardless of the route of administration. Because of the "first
pass" metabolic activity that occurs in the liver, orally administered B(a)P would be expected
to show an enhanced rate of excretion relative to other routes of administration. The
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metabolites of B(a)P are subject to enterohepatic (i.e., intestinal and liver) circulation as
demonstrated in time-dependent increases in the intestinal tissue concentrations of
intermediate compounds.

Available reports on non-carcinogenic systemic effects of B(a)P in humans indicate a
variety of skin lesions and bronchitis, following occupational exposures to.complex mixtures
of PAH compounds. however, it is not possible to determine from these studies the specific
toxic effects associated with individual PAHs. In general, systemic toxicity associated with
B(a)P exposure is only evident at doses high enough to induce tumorigenicity in experimental
animals.

Epidemiological studies have indicated an increased incidence of lung cancer in
humans exposed to coke oven and roofing tar emissions, and to cigarette smoke. However,

_' -- each of these mixtures contains B(a)P as well as carcinogenic PAHs, and other known
carcinogens such as nitrosoamines. It is thus impossible to conclude from these studies that
B(a)P is responsible for the carcinogenic effect. However, animal toxicological data have
shown evidence of B(a)P carcinogenic potency in several bioassays involving many species,
following administration by numerous routes. The reported tumor types include
forestomach, squamous cell papillomas, and carcinomas. The EPA has classified B(a)P as a
Group B2 carcinogen with and oral slope factor (SF) of 7.13 (mg/kg-d)"1. The factor is derived
from the geometric mean of a range of SFs (i.e., 4.5 to 11.7 mg/kg-d), and is based on an
animal study that indicated squamous cell carcinoma of the forestomach, following exposure
in the diet to B(a)P of unknown purity.
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Table B-1a. Summary of Carcinogenic (Radioactive) Toxicity Information
for Contaminants of Potential Concern at the 100-HR-1 Operable Unit.

w
:,
0

Contaminant Weight of
Evidence

Clasification

Type of Cancer Oral SFa (pCi)' Inhalation
SFa(pCi)'1

External SFa
(pCi-yr/g)-1

Half-life
(years)

Americium-241 A - 2.4E-10 3.2E-08 4.9E-09 4.3E+02

Cesium-134 A - 4.1E-11 2.8E-11 5.2E-06 2.1E+00

Cesium-137 A - 2.8E-11 1.9E-11 2.0E-06 3.0E+01

Cobalt-60 A - 1.5E-11 1.5E-10 8.6E-06 5.3E+00

Europium-152 A - 2.1E-12 I.1E-10 3.6E-06 1.4E+01

Europium-154 A . 3.0E-12 1.4E-10 4.1E-06 8.8E+00

Europium-155 A - 4.5E-13 1.8E-11 5.9E-08 5.0E+00

Nickel-63 A - 9.1E-14 7.OE-13 1.0E+02

Plutonium-238 A - 2.2E-10 3.9E-08 2.8E-11 8.8E+01

Plutonium-239/240 A - 2.3E-10 3.8E-08 2.7E-11 6.6E+03

Potassium 40 A - 1.1E-11 7.6E-12 5.4E-07 1.3E+09

Radium-226 A bone 1.2E-10 3.0E-09 6.0E-06 1.6E+03

Strontium-90 A - 3.6E-11 6.2E-11 2.9E+01

Thorium-228 A - 5.5E-11 7.8E-08 5.6E-06 1.9E+00

Thorium-232 A - 1.2E-11 2.8E-08 2.6E-11 1.4E+10

Uranium-233/234 A - 1.6E-11 2.7E-08 42E-11 1.6E+05

Uranium-235 A - 1.6E-11 2.5E-08 2.4E-07 7.OE+08

Uranium-238 A - 2.8E-11 5.2E-08 3.6E-08 4.5E+09

Zirconium-95 A - 9.9E-13 1.0E-11 2.5E-06 6.4E+01

aHealth Effects Summary Tables (HEAST, EPA 1992).
bNot an external exposure hazard.
SF = Slope factor
- Not determined. The carcinogenic potential of these contaminants is based on the fact that they emit ionizing radiation.
EPA does not cite direct epidemiological evidence linking these radionuclides with a particular form of cancer (56 FR 33050).
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Table B-1b. Summary of Carcinogenic (Non-Radioactive) Toxicity Information for
Contaminants of Potential Concern at the 100-HR-1 Operable Unit.

Contaminant Weight of Type of Oral SF Inhalation SF
Evidence Cancer (mgikg-d)-1 (mglkg-d)-i

Classification

arsenic A lung, skin 1.7E+00a,b 1.5E+01c,d

benzo(a)pyrene B2 gross tissue 7.3E+00b e

tumors

beryllium B2 - 43+00b 8.4E+00b

chromium (VI) A lung -f 4.1E+01b

lead B2 ND ND ND

aBased on proposed arsenic unit risk of 5E-05 µg/L (EPA 1993).
bIntegrated Risk Information System (IRIS, EPA 1993).
cHealth Effects Assessment Summary Tables (HEAST, EPA 1992).
dBased on 30% absorption of inhaled arsenic.
eUnder evaluation by the Office of Health Effects Assessments.
fNot considered to be a carcinogen or not carcinogenic by this exposure route.
- = Not applicable.
ND = Not determined.
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Tabee 0-2. Summary of Systemic'Toxicity Information for Contaminants of Ptatential Concern
at the 100-HR-1 Ioperable Unit.

N

Contaminant Oral Oral Rfl)ab I:IonOdence Gilical Effect Umnerlainly Modlifying Imhalstion Inhalation I:onfidence Cirilical Effedl Uneorlainty Modifying
RfD (basis/swnce) LaveF ^ FaAon Fsdors RfD RfDab LeveY ^ aclors Factors-

mp/kg-dl
-

imy^kg•d (basishource)i
-

INORGANICS

Arsenic 3.0E-04 wateqlRIS M hyperpigmen 3 1 ND •- -• •- •- -
lalion, I

keratosis

Barium 7.OE-0R. water/IRIS M Increased 3 1 lE-4 HEAST reproduclive 1000 -
blood effe<Is

pressure

Beryllium 5.0E-031 water4R1S L none 700 :I ND - -- -- --
observed

Chromium ( VI) S.OE-03 li watey]RIS L none 300 11 ND - -- •- -- --
abserved

Lead ND - ND

Manganese 1.4E-01 fooylRlS M CNS effeat I I 1.1E-01 air/IRIS M resp. 300 3
5.OE-03 waterARI:S symptoms,

psychomotor
disturbances

Vanadium 7.OE-03 walerfliEAST , •- none 100 - ND -- - - - -
observed

ORGANICS

Benzn(a)P3Tme ND ND

alntegraled Risk Information System (IRIS, EPA 1993).
bHeallh EOScIs Assessment Summary Tabbn (4ffA5lf EPA 1992).
cL e Low.
M = Medium.

H = High.
RfD - Reference Dose.

ND = Not delermined

Not applicable.
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APPENDIX C

EXAMPLE CALCULATTONS
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APPENDIX C

FREQUENT-USE AND OCCASIONAL-USE SCENARIOS RISK ASSESSMENT
SAMPLE CALCULATIONS

This appendix presents the radiosotope decay calculations, the exposure
assumptions and equations used to generate the preliminary risk-based screening, intake,
risk assessment, and risk-based concentrations tables for this qualitative risk assessment.
Tables are presented in Chapter 3.0 and Appendix E. All calculations presented in this
appendix are presented as examples only. The concentrations of contaminants do not
necessarily correspond to any specific high-priority waste site for this operable unit.

C-1.0 RADIOISOTOPE DECAY CALCULATIONS

The maximum concentrations of radioisotopes in the historical (Dorian and Richards
1978) and the current LFI data are decayed to 1992 and 2018 using the specific radioisotope
half-lifes (HEAST, EPA 1992) and the following calucations:

ai = aa (0.5)tfr 12

where:

at = concentration/activity remaining after a time interval,
ao = initial concentration/acitvity
t = elapsed time
T1/2 = half-life of subject radionuclide

Example Calculation:

Cesium-134 - half life = 2.1 years
Concentration in 1976 sampling data = 100 pCVg
Elapsed time = 16 years (1976-1992)
Concentration in 1992 (at) = 100 pCVg (0.5)t6 y2•' y= 0.51 pCVg

C-1
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C-2.0 PRELIMINARY RISK-BASED SCREENING

-- As rerommerrded-in th-e- HSBRitrl, (DOE-RL 1993a), all preliminary risk-based
benchmark screening concentrations are calculated using residential exposure assumptions.
The calculation of the preliminary risk-based benchmark concentrations considers both
noncarcinogenic effects ( i.e., systemic toxicity) and carcinogenic effects. Risk-based
benchmark concentrations are calculated for soil concentrations that would be equivalent to
exposures at a hazard quotient (HQ) of 0.1 for contaminants with noncarcinogenic effects.
An incremental lifetime cancer risk (ICR) of 1E-07 is used for contaminants with
carcinogenic effects. Screenings are performed for the ingestion, fugitive dust inhalation,
inhalation of volatile contaminants from soil, and external exposure pathways.

For carcinogenic non-radioactive contaminants, the general equation to calculate
ingestion or inhalation risk-based concentrations is:

C_ TRxBWxATxCF

SF x IR x EF x ED

where:

C = risk-based benchmark concentration (mg/kg)
-llt = target excess individual lifetime cancer risk (1E-07)
BW = body weight (kg)
AT = averaging time (365 d/yr x 70 yr)
cc -d)-ierifir slnn /kc;,;;aminan.'-, fa tnr (m

IR =
g gp e ^'

intake rate (mg/d or m3%d for soil or air, respectively)
EF = exposure frequency (d/yr)
ED = exposure duration (yr)
CF = conversion factor (as appropriate)

C= TRxCF
SFxIRxEFxED

For radioactive contaminants, the general equation to calculate risk-based screening
concentration is:

where:

C
TR
SF

IR =
EF =
ED =

CF

C-2

C-3

risk-based concentration (pCi/g)
target excess individual lifetime cancer risk (1E-07)
radionuclide-specific slope factor [(pCi-yr/g)'1 or (pCi)-1 for external or
ingestion/inhalation, respectively]
contact rate (variable)
exposure frequency (d/yr)
exposure duration (yr)
rnnvorcinn Fartnr / .c ^nnr....r:etel__^._..,._....._..,. ^......r.r,..,l,,....^^ .
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The equation above may also be used to evaluate external exposures. In this case,
the "intake" has units of pCi-yr/g and represents the time a receptor is in close proximity to
a particular radionuclide soil concentration. The "contact rate" is determined as follows:

IRQxt = ET x RF x CFy C-4

where:

IRW = external exposure contract rate (yr/d)
ET = exposure time (hr/d)
CFZ = conversion factor (1.14E-04 yr/hr)

The external exposure contact rate is then used as the contact rate for Equation C-2.

For noncarcinogenic effects, the general equation to calculate risk based screening is:

C =
THQ x RfD x BW x AT x CF

IR x EF x ED

where:

C = risk-based benchmark concentration (mg/kg)
THQ = target hazard quotient (0.1)
RfD = contaminant-specific chronic reference dose (mglkg-d)
BW = body weight (kg)
AT = averaging time (365 d/yr x ED in yr)
IR = intake rate (mg/d or m3/d for soil or air, respectively)
EF = exposure frequency (d/yr)
ED = exposure duration (yr)
CF = conversion factor (as appropriate)

Risk-based benchmark concentrations are derived using residential exposure
assumptions from the HSBRAM (DOE-RL 1993). These assumptions are listed in
Table C-1.

C-2.1 SCREENING CALCULATIONS

C-5

The following equations provide the screening equations utilized for the evaluation
of the soil ingestion, fugitive dust inhalation, inhalation of volatile contaminants from soil,
and external exposure routes and reduce the standard default factors to a single factor.
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ia61e C-i. rreiiminary Risk-based Screening Exposure ,Assumptions°

4^

Ingestion Inhalation External

^ Carcinogenic
INon-Radioactive

Carcinogenic
Radioactive

Noncarcinogenic Carcinogenic
Non-R^dioactide

Carcinogenic
Radioactive

Noncarcinogenic Carcinogenic
Radioactive

Averaging Time (AT) 365 d/yr x 70 yr NA 365 d/yr x 6 yr 365 d/ r x 70 yr NA 365 dlyr x 6 yir NA

Body Weight (BW) Adult: 70 Kg
Child: 16 Kg

NA 16 Kg, 70 Kg NA 16 Kg NA

Contaminant-Specific Slope Factor (SF)
'

Contaminant-
Specific

Contaminant-
Specific

NA Contaminant-
Specific

Contaminanb
Specific

NA I:nnlaminanl-
Specific

Contaminant-Specific Chronic
Reference Dose (RID)

NA
•

NA CnnlaminanF
Specific

NA NA Contaminanl
Specific

NA

Conversion Factor (CF) IE+06 mg/kg IE+03 mg/g IE+06 mgAcg NA lE-03 kg/g NA NA

Exposure Duration (ED) - SoiVAir Adult: 24 yr
Child: 6 yr

Adult: 24 yr
Child: 6 yr

6 yr 30 yr 30 yr 6 yr
'

30 yr
.

Exposure Frequency (EF) 365 d/yr 365 d/yr 365 d/yr 365 Q/yr 365 Q/yr 365 d/yr 365 d/yr

Intake Rate (IR) - SoiVAir Adult: 100 mg/d
Child: 2W mg/d

Adult: 100 mg/d
Child: 200 mg/d

200 mgfd 20 ms/d 20 ma/d 10 ma/d 2.7E-03 yr/d

Soil to Air Respirable Factor (PEF) NA NA NA 2E+09 ' ma/kg 2E+07 ms/kg 2.E+07 ma/kg NA

Target Hazard Quotient (I7-IQ) NA NA 1E-01 61A NA 1E-01 NA

Target Excess Lifetime Individual
Cancer Risk (IR)

IE-07 IE-07 NA lE-07 IE-07 NA IE-07

NA - Not Applicable
Based on HSBRAM (DOE-RL 1993a)

tJ^
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C-11.1 Soil Ingestion

Carcinogenic - Non-Radioactive

C TRxATxCF

(( IR xEF xED ( IR xEFxED II
SF x II BW )^ld + l BW /Adult

C (mg/kg) =
(lE-07)(365 d/yr x 70 yr)(1E.06 mg/kg)

SF (mg(kg-d)-1{I (^
mg/d)(365 d/yr)(6 yr) I +( (100 mg/d)(365 d/yr)(24 Yr) 1

l 16 kg Ilcnaa l 70 kg

C (mg/kg) = 6.4E-02 d

SF (mg/kg-d)-

Carcinogenic - Radioactive

C (pCVg) =
SF (pCi)

C=-
SF x

TR x CF

x EF x ED)Child + (IR x EF x ED)Ad„it

(1E-07)(1E+03

C-6

mg/d)(365 d/yr)(6 yr)Chiid + (100 mg/d)(365 d/yr)(24 yr)Ad.u

C (PCVg) =
7.6E-11 (g)-

i

SF (pCi)-1 C-7

C-5
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Noncarcinoeenic

C = THQ x RfD x BW x AT x CF

IRxEFxED

C (mg/kg) _ (0.1)(RfD mg(kg-d)(16 kg)(365 d/yr x 6
MM -10..-\14 .

C (mg/kg) = RfD (mg/kg-d) x 8.OE+03 d

C-8

C-2.1.2 Inhalation

For the inhalation pathway, screening values are generated for the inhalation of
fugitive dust (Section C-11.2.1). The respirable particulate factor (PEF) of 2E+07 m3/kg
usedAn the calculation is based on the National Primary Ambient Air Quality Standard for
particulate matter of 50 µg/m3 and the assumption that 100% of the particulates are
retained in thelungs and absorbed. The following equation uses the National Primary

Z:_ Ambient Air Quality Standard for particulate matter and the appropriate coversion factor.

PEF = AQS x CF

= 1 x (1E+09) I+g/kg C-9
50 µ,^,/m3

= 2E+07 m3/kg

Because the qualitative nature of the assessment, there is no site-specific PEF value.
All risk based screening and risk assessment calculations use a PEF of 2E+07 m3/kg.

The risk-ba;ed screening for inhalation of volatile contaminants from soil
(Section C-2.1.2.2) uses contaminant-specific and site-specific information to calculate a
volatilization factor (VF).

C-6
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C-2.1.2.1 Inhalation of Fugitive Dust

Carcinogenic - Non-Radioactive

C _ TRxBWxATxPEF

SF x IR x EF x ED

C(mg(kg) _ (lE-07)(70 kg)(365 d/yr x 70 yr)(2E+07 m3/kg) C-10
SF (mg/kg-d)-I(20 m3/d)(365 d/yr)(30 yr)

C (mg/kg) = 1.6E+01 d

SF(mg/kg-d)-l

Note: PEF is a soil-to-air respirable factor (see Table C-1).

Carcinogenic - Radioactive

C TRxPEFxCF

SFxIRxEFxED

C (pCVg) =
(IE-07)(2E+07 m3/kg)(IE-03 kg/g)

C-11
SF (pCi)-1(20 m3/d)(365 d/yr)(30 yr)

C (pCVg) =
9.1E-09 (g)-

i

SF(pCi)-1

Note: PEF is a soil-to-air respirable factor (see Table C-1).

C-7
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Noncarcinogenic

C _ THQxRfDxBW x AT x PEF

IR x EF x ED

C (mg/kg) _- (0.1)(RfD mg/kg-d)(16 kg)(365 d/yr x 6 yr)(2E..07 m3/kg) C-12

(10 m3/d)(365 d/yr)(6 yr)

C(mg/kg) = RfD (mg/kg-d) x 3.2E+06 d

Note: PEF is a soil-to-air respirable factor (see Table C-1).

C-2.1.2.2 Inhalation of Volatile Contaminants from Soil

Carcinogenic - Non-Radioactive

C _ TR x BW x AT x VF

SF x IR x EF x ED

C (mg/kg) _ (IE-07)(70 kg)(365 d/yr x 70 yr) (VF m3/kg)
C-13

SF (mg/kg-d)-'(20 m3/d)(365 d/yr)(30 yr)

^ (R1fiF-17'ko-A/m3VVF m3/kol
I- (mg/kg) _ ° - o - ... , . . ... ,..b

SF(mg/kg-d)-l

Note: VF is a contaminant specific, soil-to-air volatilization factor. Derivation of a
VF is provided below.

Carcinogenic - Radioactive

Not applicable.

C-8
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Noncarcinoeenic

C - THQxRfDxBW x AT x VF

[RxEFxED

C (mg/kg) _ (0.1)(RfD mg/kg-d)(16 kg)(365 d/yr x 6 yr)(VF m3/kg)

(10 m3/d)(365 d/yr)(6 yr)

C (mg/kg) = (1.6E-01 kg-d/m3)(RfD mg/kg-d)(VF m3/kg)

C-14

Note: VF is a contaminant specific, soil to air volatilization factor. Derivation of a
---^ VF is provided as follows:

VF (m3/kg) = LS x V x MH (3.14 x a x T)Ia C-15
A (2xDe1xExK83xCF)

Where: a(cmZ/s) =
D

e1
x E

E + (p)(1-E)/Ka,

where

C-16

LS = width of contaminated area (m)
V = site-specific wind speed in mixing zone (m/s)
MH = mixing height (2 m)
A = area of contamination (cmZ)
De1 = effective diffusivity [D; x E•33]

E = soil porosity ( unitless)
K„ = soil/air partition coefficient [(H/Kd) x 41] (g soil/cm3) where 41 is a

units conversion factor
p, = true soil density (g/cm3)
T = exposure interval (s)
OC = organic carbon content of soil (unitless)
D; = molecular diffusivity (cmZ/s)
H = Henry's law constant (atm-m3/mol)
Kd = soil-water partition coefficient [K. x OC (cm3/g)]

KM = organic-carbon partition coefficient (cm3/g)
CF = conversion factor (0.001 kg/g)

C-9
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C-2.1.2 External Exposure

External pathways apply exclusively to radioactive contaminants, which are

evaluated only for their carcinogenic potential.

C TTc

SFx[RxEFxED

C (pCUg) =
1E-07

SF (pCi-yr/g)-1(2.7E-03 yr/d)(365 d/yr)(30 yr)

C (pCVg) =
3.4E-09(yr)-'

SF (pCi-yr/g)-'

C-2.2 EXAMPLE CALCULATIONS

C-17

Example calculations are provided below for risk-based screening concentrations for
soil ingestion, inhalation of fugitive dust, and external exposure. Different non-radioactive
contaminants are used in the examples because no single contaminant was identified that
had all inhalation and ingestion slope factors and RfDs. Uranium-238 is used for the
radioactive contaminant examples.

C-2.2.1 Soil Ingestion

Carcinogenic - Non-Radioactive - Arsenic

C- 6.4E-02 d = 0.038 mg/kg C-18
1.7(mg/kg-d)-'

Carcinogenic - Radioactive - Uranium-238

C_ 7.6E-11(g)-' = 2.7 pCVg C-19
2.8E-11(pCi)-'

Noncarcinogenic - Arsenic

C = 3E,04, mg/kg-d x 8.0E+03 d = 2.4 mg/kg C-20'

C-10
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0

C-2.2.2 Inhalation of Fugitive Dust

Carcinogenic - Non-Radioactive - Arsenic

C_ 1.6E.01 d = 1.1 mg/kg
50 (mg/kg-d)-1(0.3) ,

* The SF is modified based on the assumption that 30% of inhaled arsenic is
absorbed.

Carcinogenic - Radioactive - Uranium-238

Noncarcinogenic - Mercury

C = 9.1E-09(g)-I = 1.8E-01 pCVg
5.2E-08(pCi)-1

C = 8.6E-05 mg/kg-d x 3.2E+06 d = 2.8E+02 mg/lcg

C-2.2.3 Inhalation of Volatile Contaminants from Soil

Carcinogenic - Non Radioactive Methylene Chloride

_ LSxVxMH (3.14xaxT)^

^(m^^g) A (2 x De1 x E x K. x CF)

C-21

C-22

C-23

C-24

D.xE
Where: a(cm2/s) =

E + (pd(1-E)/K„

and
LS = width of contaminated area (76.2 m)
V = site-specific wind speed in mixing zone (3.3 m/s)
MH = mixing height (2 m)
A = area of contamination (46,482,000 cmZ)
Dei = effective diffusivity for methylene chloride (Di x 0.2533) = 6.8E-02

cmZ/s
E = soil porosity (0.25)
K" = soiUair partition coefficient for methylene chloride jH/Kd) x 41 =

9.3E-01 g/ soi]/cm3 air
p, = true soil density (2.7 g/cm)
T = exposure interval (9.5E + 08 s)
OC = organic carbon content of soil (0.01)

C-11
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Di = molecular diffusivity of methylene chloride at 30°C (1.1E-01 cm2/s)

H = Henry's law constant for methylene chloride (2E-03 atm-m3/mol)

Kd = soil-water ^artition coefficient for methylene chloride (K°t x OC =

8.8E-02 cm /g)

Km = organic-carbon partition coefficient (8.8E+00 cm3/g)

CF. = conversion factor (0.001 kg/g)

VF(m3/ke) _

76.2 x 3.3 x 2 (3.14x ax9.5E+08)1 C-25

46,482,000 f

I I
2X(0.11X0.25'33)X0.25XI

0.002

I
X41X0.001`8.8

X 0.01

where: a(cm2/s) = (0.11 x O.2S'33) x 0.25 = 7.OE-03 cm2/s
(2.7)(1-0.25)

0,^ + C-26

( 0.002 l x 41
18.8x0.01J

VF = methylene chloride = 1.6E+03 m3Jkg
Therefore:

C = (8.16E-07 kg-d/m3) (1.6E+03 m3/kg)

1.6E-03(mg/kg-d)-1 C-27

= 0.82 mg/kg

Carcinogenic - Radioactive

Not applicable.

C-12
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Non-Carcinogenic - 2-butanone

VF (m3/kg) = LS x V x MH (3.14 x a x T)1/2 C-28
A (2xDe1xExKsxCF)

D.xE
Where: a(cmZ/s) =

E + (P^(1-E)/Kas
C-29

and
LS = width of contaminated area (76.2 m)
V = site-specific wind speed in mixing zone (3.3 m/s)
MH = mixing height (2 m)
A = area of contamination (46,482,000 cm2)

De1 = effective diffusivity for 2-butanone (D; x 0.25'33) = 6:0E-02 cm2/s
E = soil porosity (0.25)

Kas = soil/airpartition coefficient for 2-butanone (H/Kd) x 41 = 2.5E-02 g
soiUcm air

p, = true soil density (2.7 g/cm3)
T = exposure interval (9.5E+08 s)
OC = organic carbon content of soil (0.01)
D; = molecular diffusivity of 2-butanone at 30°C (9.5E-02 cm2/s)
H = Henry's law constant for 2-butanone (2.7E-05 atm-m3/mol)
Kd = soil-water ^artition coefficient for 2-butanone (Ka x OC =

4.5E-02 cm /g)
Ka = organic-carbon partition coefficient (4.5E+00 cm3/g)
CF = conversion factor (0.001 kg/g)

C-13
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VF(m3/kg) = 76.2 x 3' x 2

46,482,000

I C-30
(3.14 x a x 9.5E+08)1

I2x(9.5E-02x0.25'33)x0.25xII
2'7E-05 1x41 1 x0.001 1.01 Jl "4.5E+00 x 0.011

where: a(cm2/s) _ (9.5E-02 x 0.25331, x 0.25 = 1.8E-04 cm`/s
(2.7)(1-0.25)

0 25 + C-31

( 2.7E-05 1x41
14.5E+00 x 0.01f

VF = 2-butanone = 1.07E-04 m3/kg

Therefore:

C = (1.6E-01 kg-d/m3) (2.9E-01 mg/kg-d) ( 1.07E+04 m3/kg)
C-32

= 1.5E+02 mg/kg

C-2.2.4 External Exposure - Uranium-238

C_ 3.4E-09 (yr)-1 = 0.094 pCVg C-33
3.6E-08 (pCi-yr/g)-t

C-2.3 SCREENING PROCESS

The screening calculations above, determine the preliminary risk-based benchmark
concentrations in soil (screening concentrations) for the contaminants. If the maximum
concentration measured at a waste site, exceeds this screening concentration for any one of
the ingestion, inhalation or external pathways, it is considered a contaminant of potential
concern for that waste site. The remainder of this appendix is devoted to calculations used
to assess potential risk due to exposure to the contaminants of potential concern.

C-14
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C-3.0 CALCULATION OF CONTAMINANT INTAKES (RISK CHARACTERIZATION
WHEN LFI DATA ARE AVAILABLE)

Standard EPA equations for calculation of intakes, as provided in the Risk
Assessment Guidance for Superfund, Volume I: Human Health Evaluation Manual, Fart A.
(RAGS, EPA 1989a) and the HSBRAM (DOE-RL 1993a), are used as the basis for all intake
calculations.

Calculation of Non-radioactive Contaminant Intakes. The basic equation for
calculating intakes of non-radioactive contaminants via soil ingestion or inhalation of soil
contaminants is:

Intake =
C x IR x EF x ED x CF

BWxATxOF

where:

Intake = chronic daily intake of the contaminant (mg/kg-d)
C = contaminant concentration in the medium (mg/kg)
IR = contact rate (mg/d or m3/d)
ED = exposure duration (yr)
EF = exposure frequency (d/yr)
CF = conversion factor (as appropriate)
BW = body weight (kg)
AT = averaging time (yr x 365 d/yr)
OF = Other factor, as appropriate (e.g., FEF, VF)

C-34

Calculation of Radioactive Contaminant Intakes. The quantification of exposures
to radioactive contaminants requires a separate treatment, as the units used to express
environmental concentrations of radioactive and non-radioactive contaminants are
different. In addition, intake estimates for radionuclides should not be divided by body
weight or averaging time. Instead, the calculated intakes for radioactive contaminants
represent radionuclide activities that are inhaled or ingested over a lifetime.

The basic equation for calculating intakes of radioactive contaminants via soil
ingestion or inhalation of soil contaminants is:

Intake =
C x IR x EF x ED x CF1

OF

where:
Intake = radionuclide-specific lifetime intake (pCi)
C = radionuclide concentration in the medium (pCi/g)
IR = contact rate ( e.g., mg/d or m3/d)
EF = exposure frequency (d/yr)

C-35
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ED = exposure duration (yr)
CF1 = conversion factor (as appropriate)
OF = Other factor, as appropriate (e.g., PEF)

Equation C-33 may also be used to evaluate external exposures. In this case, the
"intake" has units of pCi-yr/g, and represents the time a receptor is in close proximity to a
-particular-aadionur.lidesoil-cna?ceratration_ The "contact- rate' is-determined as folloe^1s:

IRext = ET x RF x CF2 C-36

'where:

IRext = external exposure contact rate (yr/d)
ET = exposure time (hr/d)
RF = dose reduction factor (0.8, unitless)
CF2 = conversion factor (1.14E-04 yr/hr)

The external exposure contact rate is then used as the contact rate of equation C-33.
A dose reduction factor is used to obtain a more realistic estimate of external exposure by
taking into account the effects of time spent indoors.shielding while indoors and ground
roughness. A factor of 0.8 is recommended by HSBRAM (DOE-RL 1993a).

C-3.1 INTAKE CALCULATIONS

The following subsections present example intake calculations for the ingestion,
inhalation of fugitive dust, inhalation of volatile soil contaminant and external pathways
and reduce the standard default factors to a single factor. Since the intake equations do

_not_vary fromthnse presented in section C-2.0, the calculations are performed directly. All
examples are presented for the frequent-use scenario. Occasional-use intakes are calculated
using the same equations with parameters for the occasional-use scenario appropriately
substituted. Exposure parameters for the frequent-use scenario are based on residential
exposure parameters and for the occasional-use scenario arebased on recreational exposure
parameters. The exposure parameters are summarized in Table C-2.

C-3.1.1 Soil Ingestion - Residential

Carcinogenic - Non-Radioactive

Intake ( mg/kg-d) =

C(mg/kg)I (200
mg/d x 365 d/yr x 6 y r) + (100 mg/d x 365 d/yr x 24 yr) ^

l (16 kg) (70 kg)
(365 d/yr)(70 yr)(IE+06 mg/kg) C-37

Intake = C (mg/kg) x 1.6E-06 d-'

C-16
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Carcinogenic Radioactive

Intake (pCi) = (C pCi/g)[(100 mg/d x 24 yr)+(200 mg/d x 6 yr)](365 d/yr)(IE-03 g/mg)

Intake = C(pCi/g) x 1.3E+03 g C-38

Noncarcinogenic

Intake (mg/kg-d) =

(C mg/kg)(200 mg/d)(365 d/yr)(6 yr)(lE-06 kg/mg)
C-39

,.,.._ (16 kg)(6 yr x 365 d/yr)

Intake = C(mg/kg) x 1.3E-05 d-1

C-3.1.2 Inhalation of Fugitive Dust

Intakes for the inhalation of fugitive dust are calculated using the respirable particulate
factor (PEF) of 2.OE+07 m3/kg. This value is based on the National Primary Ambient Air
Quality Standard for particulate matter of 50 µg/m3 and the assumption that 100% of the
particulate is retained in the lungs and absorbed.

Carcinogenic - Non-Radioactive

Intake (mg/kg-d) =

(C mg/kg)(20 m3/d)(365 d/yr)(30 y r)

(70 kg)(70 yr x 365 d/yr)(2.0E+07 m3/kg)

Intake = C (mg/kg) x 6E-09 d-I

C-40
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Carcinogenic - Radioactive

Intake (pCi) =

(C pCVg)(20 m3/d)(365 d/yr)(30 yr) C-41
(2E+07 m3/kg) (lE-03 kg/g)

Intake = C (pCi) x 11 g

Noncarcinogenic

Intake (mg/kg-d) =

(C mg/kg)(10 m3/d)(365 d/yr)(6 yr)
C-42

(16 kg)(6 yr z 365 d%yr) (2E+03 m3/kg)

Intake = C (mg/kg) x 3.2E-08 d-1

C-3.1.3 Inhalation of Volatile Soil Contaminants

None of the volatile soil contaminants failed the preliminary risk-based screening.
Therefore, example calculations are not provided.

C-3.1.4 External Exposure - Uranium-238

Intake = (C pCVg)(24 hr/d)(0.S)(1.14E-04 yr/hr)(365 d/yr)(30 yr) C-43

Intake = C (pCVg) x 2.4E+01 yr

C-3.2 EXAMPLE CALCULATIONS

Example calculations are made using example concentrations for arsenic, mercury,
and uranium-238. These concentrations are 1.2 mg/kg, 4.3 mg/kg and 1.3 pCVg respectively.

^ ...c.- .:::.. ...6^ ......

Carcinogenic - Non-Radioactive - Arsenic

Intake = 1.2 mg/kg x 1.6E-06 d'I = 1.9E-06 mg/kg-d C-44

Carcinogenic - Radioactive - Uranium-238

intake = 1.3 pCi/g x 1.3E+03 g = 1.7E+03 pCi ' C-45

C-18
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Noncarcinogenic - Arsenic

Intake = 1.2 mg/kg x 1.3E-05 d"' = 1.6E-05 mg/kg-d

C-3.2.2 Inhalation of Fugitive Dust

Carcinogenic - Non-Radioactive - Arsenic

Intake = 1.2 mg/kg x 6E-09 d'I x 0.30' = 2.2E-09 mg/kg-d

*The SF is modified based on the assumption that 30% of inhaled arsenic is
absorbed.

Carcinogenic - Radioactive - Uranium-238

Intake = 1.3 x 11 g 14.3 pCi

Noncarcino enic - Mercury

Intake = 4.3 mg/kg x 3.2E-08 d'1 = 1.4E-07 mg/kg-d

C-3.2.3 External Exposure - Uranium-238

Intake = 1.3 pCVg x 23 yr = 29.9 pCi-yr/g

C-46

C-47

C-48

C-49

C-50
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C-4.0 CALCULATION OF HUMAN HEALTH RISK ASSESSMENT

Lifetime Incremental Cancer Risk

The basic equation for determining the lifetime incremental cancer risk for the
ingestion, inhalation and external exposure pathways is:

ICR=IxSF C-51

where:

ICR = lifetime incremental cancer risk (unitless)
I = intake (mg/kg-d)
SF = contaminant-specific slope factor (mg/kg-d)-l

Hazard Ouotient

The basic equation for determining the hazard quotient for the ingestion and
inhalation pathways is:

HQ = URfD C-52

where:

HQ = hazard quotient (unitless)
I = intake (mg/kg-d)
RfD = contaminant-specific chronic reference dose (mg/kg-d)

C-4.1 EXAMPLE CALCULATIONS

All example calculations are made using intake values calculated above for arsenic
and uranium with the exception of the hazard quotient for the inhalation pathway.
Mercury with an intake of 1.4E-07 mg/kg-d, is used for this example because arsenic does
not have an inhalation RfD.

C-4.1.1 Soil Ingestion

Lifetime Incremental Cancer Risk - Arsenic

ICR = 1.9E-06 mg/kg-d x 1.7 (mg/kg-d)-' = 3E-06 C-53

Lifetime Incremental Cancer Risk - Uranium-238

ICR = 1.7E+03 pCi x 2.8E-I1 (pCi)"1 = 5E-08 C-54

C=20
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Hazard Quotient - Arsenic

HQ = 1.6E-05 mg/kg-d =
0.053 C-55

3.0E-04 mg/kg-d

C-4.1.2 Inhalation

C-4.1.2.1 Inhalation of Fugitive Dust

Lifetime Incremental Cancer Risk - Arsenic

ICR = 2.2E-09 mg/kg-d x 50 (mg/kg-d)"t = 1E-07 C-56

*The SF is modified based on the assumption that 30% of inhaled arsenic is
absorbed.

Lifetime Incremental Cancer Risk - Uranium-238

ICR = 14.3 pCVm3 x 5.2E-08 (pCi)"1 = 7E-07 C-57

Hazard Quotient - Mercury

HQ
=

1.4E-07 mg/kg-d =
0.002 C-58

8.6E-05 mg/kg-d

C-4.1.3 External. Exposure

Lifetime Incremental Cancer Risk - Uranium-238

ICR = 29.9 pCi-yr/g x 3.6E-08 (pCi-yr/g)'I = IE-06 C-59

C-21
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C-5.0 CALCULATION OF RISK-BASED CONCENTRATIONS
(RISK CHARACTERIZATION WHEN LFI DATA ARE NOT AVAILABLE)

As discussed in Section C.2.4.2 of the HSBRAM (DOE-RL 1993a), a comparison of
estimated site concentrations in a medium is performed when LFI data are not available.
The risk-based concentrations are calculated for soil concentrations that would be
equivalent to exposures at an HQ of 1 for non-carcinogenic effects. An incremental lifetime
cancer risk (ICR) of 1E-06 is used for evaluating contaminants with carcinogenic effects.
The basic equation to calculate risk-based concentrations are the same equations used for
risk-based screening (equations Cl, C2 and C3) with the HQ and ICR replaced by unity
and 1E-06, respectively. The following calculation example presents the ingestion,
inhalation and external exposure pathways for the frequent-use scenario. The occasional-
use scenario would utilize the same equations but the exposure parameters would be those
indicated in Table C-2 for the occasional-use scenario.

C-5.0.1 Soil Ingestion

Carcinogenic - Non-Radioactive

C= TRxATxCF

SFxII IRxEFxED

106HA

+ (IRxEFxED IA
BW l BW

i , _ .__-__ •^dun ^

C (mg/kg) = (1E-06)(365 d/yr x 70 yr)(1E+06 mg/kg)

SF_(mg/kg-d)-111 (200 mg/d)(365 d/yr) (6 yr)

thild

+^ (100 mg/d)(365 d/yr)(24 yr)
[^ 16 kg 70 kg I

/Adult

C (mg/kg) = 6.4E-01 d

SF (mg/kg-d)-1 C-60
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Carcinogenic - Radioactive

C TRxCF

SF x i(IR x EF x ED)Chiid + (IR x EF x ED)Aduit

C (pCi/g) _
(1E-06)(1E +03

SF (pCi)-1[(200 mg/d)(365 d/yr)(6 yr)C'hild + (100 mg/d)(365 d/yr)(24 yr)Adult]

C (pCVg) = 7•6E-10 (g)-1

SF (pCi)-1 C-61

Noncarcinogenic

C_ THQxRfDxBWxATxCF

IR x EF x ED

C (mg/kg) _ (1)(RfD mg/kg-d)(16 kg)(365 d/yr x 6 yr)(1E.06 mg/kg) C-62

(200 mg/d)(365 d/yr)(6 yr)

C (mg/kg) = RfD (mg/kg-d) x 8E+04 d

C-5.0.2 Inhalation of Fugitive Dust

CarcinoQenic - Non-Radioactive

C TR x BW x AT x PEF

SFxIRxEFxED

C (mg/kg) _ (lE-06)(70 kg)(365 d/yr x 70 yr)(2E+07 m3/kg) C-63
SF (mg/kg-d)-1(20 m3/d)(365 d/yr)(30 yr)

C (mg/kg) = 1.6E+02 d

SF(mg/kg-d)-t

Note: PEF is a soil-to-air respirable factor (see Table C-1).
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Carcinogenic - Radioactive

C TRxPEFxCF

SFx[RxEFxED

C (pCVg)
=

( lE-06)(2E+07 m3/kg)(IE-03 kg/g) C-64

SF (pCi)-1(20 m3/d)(365 d/yr)(30 yr)

C =
9.1E-08 (g)-

i

SF(pCi)-I

Note: PEF is a soil-to-air respirable factor (see Table C-1).

Noncarcinogenic

C - THQxRfDxBWxATxPEF

IR x EF x ED

C (mg/kg) _ (1)(RfD mg/kg-d)(16 kg)(365 d/yr x 6 yr)(2E+07 m3/kg) C-65

(10 m3/d)(365 d/yr)(6 yr)

C (mg/kg) = RfD (mg/kg-d) x 3E+07 d

Note: PEF is a soil-to-air respirable factor (see Table C-1).
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C-5.0.3 External Exposure

This pathway applies exclusively to radioactive contaminants, which are evaluated

only for their carcinogenic potential.

C = TR

SF x IR x EF x ED x RF

C (pCVg) =
1E-06

C-66
SF (pCi-yr/g)-I(2.7E-03 yr/d)(365 d/yr)(30 yr)(0.8)

C (PCUg) = 4.2E-08 (yr)-t

SF(pCi-yr/g)-I

RF - Dose reduction factor (unitless).

C-5.1 EXAMPLE CALCULATIONS

For the ingestion and inhalation exposure to non-radioactive soil contaminants,
arsenic and mercury are used for example calculations. Uranium-238 is used for the
radioactive contaminants.

C-5.1.1 Soil Ingestion

Carcinogenic - Non-Radioactive - Arsenic

C- 6.4E-01 d = 0.38 mg/kg C-67
1.7(mg/kg-d)-l

Carcinozenic - Radioactive - Uranium-238

C- 7.6E-10(g)-1 = 27 pCVg C-68
2.8E-11(pCi)-l

Noncarcinogenic - Arsenic

C = 3E-04 mg/kg-d x 8E.04 d = 24 mg/kg C-69
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C-5.1.2 Inhalation

Carcinogenic - Non-Radioactive - Arsenic

C_ 1.6E i02 d = 11 mg/kg C-70
50 (mg/kg-d)-1)(0.3)'

* The SF is modified based on the assumption that 30% of inhaled arsenic is
absorbed.

Carcinogenic - Radioactive - Uranium-238

C- 9.1E-08(g)-l = 1.8 pCVg C-71
5.2E-08(pCi)-l

Noncarcinogenic - Mercury

C = 8.6E-05 mg/kg-d x 3E+07 d = 2,600 mg/kg C-72

C-5.1.3 External Exposure

Carcinogenic - Radioactive - Uranium-238

3C = 4.2E-08(yr)-l = 1.17 pCVg C-73
3.6E-08(pCi-yr/g)-1
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Table C-2. Summary of Recreational and Residential Scenarios Exposure Factors.

Exposure Factors HSBRAM Reasonable Maximum Exposurea

Recreationalb ResidentiaF

Intake Rate
Soil Ingestion 200(C) 100(A) mg/d 200(C) 100(A) mg/d
Inhalation

Noncarcinogens 10 m3/d 10 m3/d
Carcinogens 20 m3/d 20 m3/d

Exposure Frequency
Soil Ingestion 7 d/yr 365 d/y
Inhalation 7 d/yr 365 d/y

Exposure Duration
Soil Ingestion 6(C) 24(A) yr 6(C) 24(A) yr
Inhalation

Noncarcinogens 6 yr 6 yr
Carcinogens 30 yr 30 yr

Body Weight 16(C) 70(A) kg 16(C) 70(A) kg

Averaging Time
Noncarcinogens 6 yr x 365 d/yr 6 yr x 365 d/yr
Carcinogens 70 yr x 365 d/yr 70 yr x 365 d/yr

Dose Reduction Factor 0.8 (unitless) 0.8 (unitless)
(external exposure)

(C) Child
(A) Adult
'DOE-RL 1993a
bRecreational exposure parameters used to evaluate occasional-use scenarios
`Residential exposure parameters used to evaluate frequent-use scenarios
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Ecological Characterization of the 100 Area

Plants

The plant communities within the 100-H Area are broadly characterized as
riparian immediately adjacent to the Columbia River and sagebrush=steppe in areas away
from the shoreline. Sackschewsky and Landeen (1992) reported that the plant
community within the 100-HR-1 operable unit fence consists almost entirely of an alien
weed community dominated by cheatgrass (Bromus tectorum), tumblemustard
(Sisymbrium altissimum), and Russian thistle (Salsola kali), with scattered gray
rabbitbrush (Chrysothamnus nauseosus). The riparian community contains a number of
trees, including white mulberries (Morus alba), Siberian elm (Ulmus pumila), and Rocky
Mountain juniper (Juniperus scopulorum). The surrounding sagebrush-steppe habitat is
dominated by big sagebrush (Artemisia tridentata), with an understory of cheatgrass and
Sandberg's bluegrass (Poa sandbergii). Sackschewsky and Landeen (1992) observed no
species listed as threatened, endangered, candidate, or sensitive by the federal or
Washington State governments. The principle plant of the 100-HR-1 operable unit waste
sites were Russian thistle, cheatgrass and rabbitbnush (Sackschewsky and Landeen 1992).

Rooting depths of plants are important in evaluating their exposure to buried
contaminants. Big sagebrush on the 200 Area plateau has been found to have an average
maximum rooting depth of 200 cm (78.8 in) (±12 cm [4.7 in] std. error); other shrubs in
this habitat type ranged from 153 to 195 cm (60.2 to 76.8 in) (Klepper et al. 1985). Large
perennial grasses of the big sagebrush/Sandberg's bluegrass habitat have been found with
maximum rooting depths of 120 to 140 cm (47.2 to 55.1 in) (Klepper et al. 1985).
Sandberg's bluegrass roots extend to 35 cm (13.7 in), while cheatgrass roots may extend to
45 cm (17.7 in) (Link et al. 1990). Other plants of disturbed sites, particularly Russian
thistle and ragweed (Ambrosia acanthicarpa), have maximum rooting depths of 172 cm (67.7
in) (±11 cm [4.3 in]) and 162 cm (63.8 in) (±8 cm [3.1 in]), respectively (Klepper et al.
1985).

Birds

Bird species observed in the 100 Area are listed in Sackschewsky and Landeen
(1992). A general review of birds observed on the Hanford Site along with their general
habitat associations was prepared by Fitzner and Gray (1991). Sixteen birds that occur on
the Hanford Site are listed as endangered or threatened by the State of Washington or
the federal government, or are candidates for such listing (Table D-1). All have been
observed in the vicinity of the Columbia River near the 100 Areas.

Bald eagles do not currently nest on the Hanford Site. The wintering population
of bald eagles has been increasing in recent years (Fitzner and Hanson 1979). Bald eagles
are present from November through March. Overwintering eagles on the Hanford
Reach of the Columbia River primarily forage on Chinook salmon (Oncorhynchus
tchawytscha) and mallard ducks (Anas platyrhynchos) (41 and 39% of dietary biomass
respectively) (Fitzner and Hanson 1979). Other foods eaten include other waterfowl and
fish species associated with the river ecosystem (Fitzner and Hanson 1979).

The peregrine falcon is an infrequent visitor to the Hanford Site. This species is
not resident, and peregrine falcons do not nest on the site. Peregrine falcons are
occasionally noted during the winter months during migration and may winter in the
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area, particularly near the Yakima Delta. Peregrine falcons elsewhere are known to feed
primarily on birds, although their food habits on the Hanford Site are not known.

Because of their extreme rarity on the site, and the very short duration of their residence

here ( days); Hanford Site contaminants are not considered to be a significant risk to their
existence.

Loggerhead shrikes are year-round residents on the Hanford Site, although they
occur at relatively low densities (Fitzner et al. 1981). They nest from March through
August in undisturbed portions of the big sagebrush/Sandberg's bluegrass community,
-v:t;€ret.hey--aver=ge 3^pairslkrrrz (^5-pairs;0 39 ,^i2) i:, the 200 Area plateau (Poole 1992).
These medium-sized passerines feed on insects, small mammals, and birds (Fitzner and
Rickard 1975).

Approximately 50 pairs of ferruginous hawks nested in the state of Washington as
of 1991 (Fitzner et al. 1992). Ten active ferruginous hawk nests were found on the
Hanford Site as of 1991, with eight located in high-tension electric transmission towers
and two in trees (Fitzner et al. 1992). These hawks feed primarily on small to medium-,... ^

-;^ ___ _sized-mammals such as rabbits and ground squirrels (Howard and Wolfe 1976, Fitzner et
al. 1981).

Approximately 15-20 pairs of Swainson's hawks nest on the Hanford Site (Fitzner
et al. 1981). The birds nest in trees on the Hanford Site from April to September.
Swainson's hawks feed primarily on snakes, medium-sized mammals, and insects, with
yellow-bellied racers being the most important prey (Fitzner 1980). The nearest nesting
location to the 100-H Area is located within 3.5 km (2.2 mi) distance.

In 1977, approximately 60 pairs of long-billed curlews were estimated to have been
nesting in the 600 Area of the Hanford Site (Allen 1980). Curlews nest from April
through June in relatively flat areas dominated by cheatgrass. They feed primarilyon
beetles and subterranean insect larvae (Allen 1980). No systematic surveys of the site
have been conducted since Allen's study (Fitzner et al. 1992).

Burrowing owls are widely distributed on the Hanford Site. The nesting
population during the mid-1970s was estimated at 20-26 pairs (Fitzner et al. 1981). Most
nest sites are found in abandoned badger and coyote burrows. No systematic survey of
the Hanford Site has been conducted to determine the nesting locations of these birds
-(Rickard and P-0ole1989). These smallowls-arepr.marily :n,,^.e^^• ^na s^^^n..^a..- ..,, a.... mammal
predators. Insects represent the majority of prey captures, but Great Basin pocket mice
(Perognathus parvus) form the major part of their diet in terms of biomass (Fitzner et al.
1981).

Sage sparrows are a common summer resident of the 200 Area plateau (Fitzner
and Rickard 1975). These small passerines are restricted in their distribution almost
entirely to sagebrush stands (Schuler et al. 1988). Sage sparrow abundance on the 200
Area plateau has been shown to be related to sagebrush density (Schuler et al. 1988),
although abundance may vary-widely between years due to natural environmental
variation (Rotenberry 1980). Sage sparrows are the second most abundant bird in the
undisturbed areas of the 200 Area plateau, reaching densities of 7.5 birds/km2 (7.5
birds/0.39 mi2) (Schuler et al. 1988). They forage primarily on phytophagous (plant-
eating) beetles and other arthropods, with seeds composing less than 5% of their diet
(Rotenberry 1980).
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The sage thrasher is confined to areas of big sagebrush cover, where it consumes
primarily insects and spiders on the ground rather than in the canopy (Terres 1980).
Sage thrashers are resident on Hanford from spring into the fall (Fitzner and Gray 1991),
although at very low densities (Schuler et al. 1988).

The most abundant bird found in the shrub-steppe habitat is the western
meadowlark (Brandt and Rickard 1992). Western meadowlarks are present on the
Hanford Site throughout the year (Fitzner and Rickard 1975). These passerines nest on
the ground from April through July (Brandt and Rickard 1992). Their diet is composed
almost entirely of phytophagous insects (Rotenberry 1980). Meadowlark abundance in
sagebrush habitat on the Hanford Site was estimated to be approximately 11 birds/km
(6.8 birds/mi) (Schuler et al. 1988).

Red-tailed hawks are the most common hawks nesting on the Hanford Site. At
least 20 nesting pairs occupy the site. On the Hanford Site, most nesting occurs in utility
towers, on Gable Butte, and in larger trees (Fitzner 1980). Red-tailed hawks on the
Hanford Site primarily feed on medium-sized mammals such as black-tailed jackrabbits
and Townsend's ground squirrels, and on snakes (Fitzner 1980). Red-tails nest within 2
km (1.24 mi) of the 100-H Area.

Great Basin Canada geese nest on the islands in the Columbia River and forage
on the grasses on the Hanford Site (Gano and Rickard 1982; Rickard et al. 1990). The
use of the 100-H Area by Canada geese has not been examined.

Mammals

A survey of the mammals of the 100 Areas was reported by Sackschewsky and
Landeen (1992). Species known or likely to be present in the vicinity of the 100-HR-1
operable unit waste sites are listed in Table D-2. The mammalian species of concern with
regard to endangered species protection in the 100 Areas is the Pacific western big-eared
bat, a candidate for state and federal protection. While this bat has never been found on
the Hanford Site, surveys have not been done to establish their presence: However,
suitable habitat exists.

The herbivorous/granivorous mammalian component on the 100 Area is
dominated by small mammals, particularly Great Basin pocket mice and deer mice.
Other abundant herbivores include Townsend's ground squirrels and black-tailed jack
rabbits. Near buildings, Nuttal's cottontails are more abundant than are jack rabbits. The
large herbivore in 100 Area is the mule deer. The predominant carnivorous mammals are
coyotes and badgers.

The most abundant small mammal on the 100 Area is the Great Basin pocket
mouse (O'Farrell 1975). Although primarily a granivore, the pocket mouse also consumes
insects early in the year before seed production (Kritzman 1974). Pocket mice constitute
the principal prey items in the diets of burrowing owls, great homed owls, long-eared
owls, and bam owls foraging on the Hanford Site (Fitzner 1980). Densities may range
between 20 and 75 mice/ha (20 and 75 mice/2.47 acres) in April depending on the habitat
(Gano and Rickard 1982). Densities in cheatgrass habitat have been estimated at 30/ha
(30/2.47 acres) (Hedlund et al. 1975).

The second most abundant mammal on the Hanford Site is the deer mouse. Deer
mice are omnivorous, concentrating on green vegetation, especially tansy mustard and
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cheatgrass (Hedlund and Rogers '1976). Although. nocturnal, they are found as occasional
prey items in the diets of Swainson's hawks and red-tailed hawks nesting on the
Hanford Site. More frequently, they are consumed by great homed owls, long-eared
owls, burrowing owls, and barn owls (Fitzner 1980).

Townsend's ground squirrels are also present in the 100 Area: Hedlund and
Rickard (1981) identified Townsend's ground squirrels as the second most prevalent small
mammal, with peak catches between one half and one fifth that for the Great Basin
pocket mouse. Foraging preferences based on analyses of fecal samples identified
Sandberg's bluegrass and tumble mustard as preferred food items (Rogers and Gano
1980). Townsend's ground squirrels are the principal food item for red-tailed hawks and
the second most important item in the diet of post-fledgling Swainson's hawks fledged
on the Hanford Site
(Fitzner 1980).

Black-tailed Jack rabbits are found in nearly all habitats in the shrub-steppe region
and are the most common lagomorph on the Hanford Site (Rickard et al. 1974). Black-
tailed Jack rabbits in the big sagebrush/Sandberg's bluegrass communities feed most
heavily on needle-and-thread grass, yarrow, turpentine cymopterus, and tumble mustard
(Uresk et al. 1975). Black-tailed hares are the principal prey of golden eagles wintering
on the Hanford Site (Rickard et al. 1974) and are important constituents in the diets of
great homed owls, long-eared owls, barn owls, ferruginous hawks, Swainson's hawks,
and red-tailed hawks (Fitzner 1980).

Mule deer are common and widespread on the Hanford Site. Mule deer are
usually dispersed throughout favorable habitats of the Hanford Site in small groups or
singly. Mule deer of the Hanford Site are mainly forb and shrub consumers (Uresk and
Uresk 1980). Natural mortality of mule deer fawns on the Hanford Site is relatively high,
mostly as a result of coyote predation (Steigen; and Flinders 1980). Mule deer home
ranges on the Site vary about a mean of approximately 40 km2 (15.6 mi2) (Eberhardt et al.
1982), with densities near the Columbia River of approximately 1 deer/60 ha (Steigers and
Flinders 1980).

Coyotes are the most abundant carnivores on the Hanford Site. They have not
been studied to any extent on the Hanford Site except on the Arid Lands Ecology
Reserve (ALE). Their diet is diverse, reflecting the availability of prey. Where the Great
Basin pocket mouse is most abundant in the habitat, they have been found to be most
abundant in the coyote diet (Stoel 1976). Other prey include leporids, voles, pocket
gophers, ground squirrels, mule deer fawns, birds, reptiles, beetles, and grasshoppers
(Stoel 1976; Steigers and Flinders 1980). Coyote density on ALE has been estimated at 1
coyotes/2.5 km2* (1 coyote/0.97 mi2) (Crabtree 1989); Steigers and Flinders (1980) estimated
coyote density near the Columbia River to be 1 coyote/4 km2 (1 coyote/1.6 mi2).

Reptiles

Reptiles that could occur near or in the 100-H Area include the western yellow-
bellied racer (Coluber constrictor), the Great Basin gopher snake (Pituophis melanoleucus),
the northern Pacific rattlesnake (Crotalus viridus), the desert nightsnake (Hypsiglena
torguata), the striped whipsnake (Masticophis taeniatus), the sagebrush lizard (Sceloporus
graciosus), the side-blotched lizard (Uta stansburiana), and the pygmy short-horned lizard
(Phrynosoma douglassi) (Rogers and Rickard 1977). The most common reptiles found in
the big sagebrush/Sandberg's bluegrass habitat are side-blotched lizards and yellow-
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bellied racers (Marr et, al. 1988). Side-blotched lizards were found in approximate densities of
15 lizards/ha (15 lizards/2.47 acresj in the 100 Area sites, in the 1970s (Rogers and Rickard
1977). The only reptile with Federal or state classification is the striped whipsnake, a state
candidate species.

Insects and spiders are an important component of the plant communities of the 100-H
Area in terms of biomass and ecological role. Invertebrate densities in sagebrush/bunchgrass
habitat on ALE ranged from 450 to nearly 2000 individuals/tr? (10.7 ft'), with a biomass of up
to 0.5 g/m2 (Rogers 1977). The predominant taxa include ground-dwelling darkling beetles
(family Tenebrionidae), and shrub-dwelling bugs (order Homoptera), grasshoppers (order
Orthoptera), true bugs (order Hemiptera), and spiders (order Araneida) (Rogers 1979, ERDA
1975, Weiss and Mitchell 1992). The two latter references contain tables of insect species found
on the entire Hanford Site. Harvester ants, a potentially significant component in the exposure
of buried contaminants (Fitzner et al. 1979), were observed on the waste sites within the 100
Area (Sackschewsky and Landeen 1992).

Dose Calculations for Terrestrial Receptors

This section describes the methods used to estimate intake of constituents of concern in
surface soils by Great Basin pocket mouse and loggerhead shrike. Shown are typical receptor
weights, food ingestion rates, and effective radius (radius of the receptor used in the radiological
dose calculations). Dose from radionuclides was calculated based upon the computer code
developed by Baker and Soldat (1992). The code was verified subsequent to publication of the
document.

Radionuclide concentrations in primary organisms can be calculated directly from soil
concentrations and transfer factors. The primary organism is a plant. Radionuclide
concentrations for secondary organisms can be calculated from their diet of primary organisms.
The transfer coefficients from soil to plants are given in Table D-3. For insects, an arbitrary
transfer coefficient of 1:1 was used. The accuracy of this value is not known because no
information relating transfer of study constituents from soil to insects was found. This estimate
has a high uncertainty.

The internal total-body dose rate to an organism for N radionuclides is given as

N

R, bi., Ei.C (1)

where R, = dose rate to total body of organism c (rad d''),

E;., = effective absorbed energy'rate for nuclide i per unit activity in organism c (kg
rad Ci' d-').

E;,c = E;,MeV dis' x 3.70E10 dis s-' Ci'

86,400 s d' x 1.602E-11 kg rad MeV-' = 5.12E4 e;,

where c is the effective absorbed energy for nuclide i in organism c.
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b;, = specific body burden of nuclide i in organism c (Ci kg-').

For a primary organism,

bi" = Ci.c Bi.C (2)

where C;, is concentration of nuclide i in soil to which organism c is exposed (Ci rn'), and B;,, is

bioaccumulation factor for nuclide i and organism c(m' kg').

Combining equations (1) and (2) yields the dose rate in rad d-' to the primary organism

N

R, Ci.,Bi..Ei,c
^-i

(3)

For the secondary organism, such as herbivores and carnivores we can write an expression

for a single radionuclide equating the change in body burden to the uptake and removal of the

radionuclide

db' _ P _ Xb' (4)
dt M

where b' = specific body burden of the secondary organism (Ci kg')

P = rate of uptake of radionuclide by body of organism (Ci d'')

^ _(ab +X,) effective decay constant in secondary organism, (d''), where Xb =
ln(2)/Tb is the biological removal rate constant for the nuclide in the secondary
organism and X, = ln(2)/T, is the radiological decay constant for the nuclide

M = mass of secondary organism (kg).

The secondary organism uptake rate is given by

P = bUIfI

where b = body burden of primary organism (Ci kg'')

U = intake rate of primary organism by predator (kg d')

f, = fraction of radionuclide initially retained in total body of secondary organism
(unitless).

Solving equation (4)'with b' = 0 when t = 0:

(5)
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b, = P (1-e aT.
)

M A

where T, is the period of exposure (d).

(6)

Then, for a secondary organism c, the dose rate in terms of the body burden, b„ of the

primary organism or prey for N radionuclides is

R N Bi U^ fij (1-e -1.?)
E. (7)E ^.C

+- M, X,.c

where U, = intake rate of primary organism by secondary organism c (kg d'')

= effective decay constant of nuclide i in secondary organism c(d-')

in, = mass of secondary organism c (kg).

In the absence of specific data, the removal constants, X;, and uptake fractions, f,,;, are
taken to be that of Standard Man as derived from Publication 2 of the International Commission
on Radiological Protection (ICRP 1959). The values of effective energy, e;, were determined
knowing the effective radius of the organism. The exposure time, T., is usually assumed to be
year for regulatory purposes, and the concentration is averaged over 1 year. The external dose
to wildlife from radionuclides was not calculated because it has been shown to be a minor
contributor to dose (Poston and Soldat 1992).

Intake of contaminants by the pocket mouse was estimated using intake parameters from
published literature or derived from EPA formulas (EPA 1988). Intake of contaminants in
vegetation was estimated using Equation 6; of EPA's Human Health Evaluation Manual (EPA
1989) in which:

Iv = (Cv)(Qv)(FI)(EF)(ED)/(BW)(AT) (8)
where

Iv = intake of contaminant in vegetation (mg/kg/day)
Cv = concentration in vegetation (mg/kg)
Qv = ingestioti rate (kg/day)

FI = fraction ingested from contaminated source = 1
EF = exposure frequency (days/year)
ED = exposure duration (years)
BW = body weight (kg)
AT = average time, (ED)(365 days/year)

For the organisms that spend their entire life in a waste site, average time, exposure
duration, and exposure frequency can be eliminated from all intake equations. The fraction
ingested from a contaminated source was based on the animal's home range and the amount of
food expected to be consumed from contaminated areas. Feeding rates are typically reported on
a wet-weight basis, while contaminant concentrations in soil and biota are reported on a dry-
weight basis.
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The concentration factors from soil to the generic plant was obtained from available
literature. The maximum reported transfer coefficients from soil to plants were used in all dose
calculations. These values were used to model plants as a food source in successive trophic
levels.

Pocket mice were assumed to spend their entire life in a waste site; hence, average time,
exposure duration, and exposure frequency is not important. Transfer of contaminants from
ingestion of prey species were either estimated from available literature•or from plant to beef
transfer coefficients: If site-specific data were not available for transfer from plants to mouse,
plant to beef values were used.
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Table D-1. Threatened, Endangered, and Candidate Birds of the Hanford Site

That May Occur in the Vicinity of the 100-H Area.

Common Name Latin Name Federal Status State Status

bald eagle' Haliaeetus leucocephalus threatened threatened

peregrine falconb Falco peregrinus endangered endangered

American white pelican' Pelecanus erythrorhynchos - endangered

sandhill crane' Grus canadensis - endangered

ferruginous hawk' Buteo regalis candidate threatened

loggerhead shrike' Lanius ludovicianus candidate candidate

sage grouseb` Centrocercus urophasianus candidate candidate

common loon' Gavia immer - candidate

northern goshawk` Accipiter gentilis candidate

Swainson's hawk' Buteo swainsoni candidate-3 candidate

golden eagle' Aquila chrysaetos - candidate

flammulated owl` Otus flammeolus - candidate

burrowing owl` Athene cunicularia - candidate

sage thrasher' Oreoscoptes montanus - candidate

sage sparrow' Amphispiza belli - candidate

long-billed curlew' Numenius americanus candidate-3 -

' Observed during 100 Area surveys (Sackschewsky and Landeen 1992).
b Accidental occurrence, not likely to be found on the area.

c 100 Area contains suitable habitat for this species.

D-12



WHC-SD-EN-RA-004, Rev. 0

Table D-2. Mammals of the Hanford Site Associated with the Riparian
Zone of the Columbia River. (Sheet 1 of 2).

Family Common Name Latin Name Abundance Habitat Association

Soricidae vagrant shrew Sorex vagrans uncommon riparian

Vespertilionidae pallid bat Antrozous pallidus common -
summer

buildings

little brown myotis Myotis lucifugus common -
summer

buildings

Yuma myotis Myotis yumanensis common -
summer

buildings

western big-eared bat Plecotis toumsendii unknown buildings

Leporidae black-tailed jackrabbita Lepus califarnicus common shrublands/grasslands

Nuttall's cottontaila Sylvilagus nuttallii common buildings

Sciuridae Townsend ground
squirrel

Spermophilus
townsendii

common shrublands/grasslands

Geomyidae northern pocket gophera aThomomys talpoides common shrublands/grasslands

Heteronryidae Great Basin pocket
mousea

Perognathus parvus common shrublands/grasslands

Castoridae beavera Castor canadensis common river/riparian

Cricetidae western harvest mouse Reithrodontomys

megalotis

rare shrublands/riparian

deer mouse Peromyscus
maniculatus

common entire site

northern grasshopper
mouse

Onychomys leucogaster rare riparian

bushy-tailed wood rata Neotoma cinerea common entire site

montane vole Microtus montanus rare riparian

sagebrush vole Lagurus curtatus rare shrublands

muskrata Ondatra zibethica rare river/riparian

Muridae Norway rat Rattus norvegicus common buildings

house mouse Mus musculus common buildings/riparian

Erethizontidae porcupinea Erithizon dorsatum uncommon entire site

Canidae coyotea Canis latrans uncommon entire site

Procyonidae racoon Procyon lotor uncommon riparian
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Table D-2. Mammals of the Hanford Site Associated with the Riparian
Zone of the Columbia River. (Sheet 2 of 2).

Family Common Name Latin Name Abundance Habitat Association

Mustelidae mink Mustela vison rare river/riparian

long-tailed weasel Mustela frenata uncommon riparian

short-tailed weasel Mustela erniinea rare riparian

otter Lutra canadensis rare river/riparian

badgera Taxidea tasus uncommon entire site

striped skunk Mephitis mephitis uncommon riparian

Felidae bobcat Lynx rufus rare entire site

Cervidae mule deera Odocoileus hemionus common entire site

white-tailed deer Odocoileus virginianus rare riparian

aMammals observed by Sackschewsky and Landeen (1992).
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Table D-3. General Soil-to-Plant Transfer Coefficients Used for Contaminants
of Potential Concern.

Contaminant Plant/Soil Transfer Coefficient Reference

Ameridum-241 1.OE-02 Coughtrey et al. 1985

Carbon-14 5.5 Whicker and Schultz 1982

Cesium-134 2.5E-01 Coughtrey et aL 1985

Cesium-137 0.6 Miller et aL 1977

Cobalt-60 0.5 Coughtrey et aL 1985

Europium-152 0.001 Coughtrey et aL 1985

Europium-154 0.001 Coughtrey et aL 1985

Europium-155 0.001 Coughtrey et aL 1985

Nickel-63 0.1 Coughtrey et aL 1985

Plutonium-238 7.OE-02 Coughtrey et aL 1985

Plutonium-239 7.OE-02 Coughtrey et aL 1985

Radium-226 0.1 Coughtrey et aL 1983 and 1985

Strontium-90 19 Rouston and Cataldo 1978

Thorium-228 1.0E-04 Whicker and Schultz 1982

tritium 4.8 Whicker and Schultz 1982

Uranium-234 I Whicker and Schultz 1982

Uranium-235 I Whicker and Schultz 1982

Uranium-238 1 Whicker and Schultz 1982

Antimony 0.1 Coughtrey et aL 1983 and 1985

Barium 0.15 DOE 1992

Benzo(a)pyrene 0.013 DOE 1992

Chromium 0.0075 DOE 1992

Chrysene 0.022 DOE 1992

Lead 0.045 DOE 1992

Mercury 0.9 DOE 1992

Pentachlorophenol 0.046 DOE 1992

Zinc 1.5 DOE 1992
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Table D-5. Average Radionuclide Concentrations (Pci/g)
Detected in 100-H Area Vegetation Samples from 1981 to 1992,

as reported by Schmidt, et al., (1993).

Year Co-60 Sr-90 Cs-137 Pu-238 Pu-239/240

1981 6.8 E-O1 NR 1.5 E-01 NR NR

1982' NR NR NR NR NR

1983 1.3. E-01 NR 9.0 E-02 NR NR
1984 1.8 E-01 2.0 E-00 1.3 E+01 2.0 E-04 1.7 E-03
1985 2.0 E-01 6.0 E-02 4.5 E-02 1.0 E-04 5.1 E-04

1986 2.2 E-01 5.3 E-01 1.3 E+00 1.3 E-04 4.4 E-05
1987 2.6 E-01 2.6 E-01 1.0 E-01 3.5 E-05 2.7 E-04
1988 9.0 E-01 3.9 E-01 1.5 E-01 2.0 E-04 1.5 E-04

1989 6.5 E-01 5.2 E-02 2.1 E-01 8.5 E-05 1.5 E-04
1990 < 1.3 E-01 1.1 E-02 6.6 E-02 < 1.4 E-04 3.0 E-04
1991 < 2.8 E-02 5.7 E-02 3.0 E-02 4.5 E-05 5.7 E-04
1992 < 2.0 E-02 6.7 E-02 < 7.7 E-03 < 1.5 E-06 < 1.3 E-04

= Not Reported.
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APPENDIX E

TABLES OF INTAKE SUMMARIES FOR
THE 100-HR-1 OPERABLE UNIT
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Table E-1a. Summary of Intakes for Radioactive Contaminants in 1992 at the 116-H-1 Trench.

m

Contaminant Frequent-Use Scenario Occasional-Use Scenario

Soil Ingestion
(pG)

Fugitive Dust
Inhalation

(PQ

External Exposure
(pG-yr/g)

Soil Ingestion
(pCi)

Fugitive Dust
Inhalation

(PCi)

External Exposure
(pG-yr/g)

Cesium-137 5.3E+05 4.4E+03 9.6E+03 1.0E+04 8.4E+01 62E+01

Cobalt-60 4.3E+04 3.6E+02 7.9E+02 8.3E+02 6.9E+00 5.1E+00

Europium-152 7.0E+05 5.8E+03 1.3E+04 1.3E+04 1.1E+02 8.1E+01

Europium-154 1.2E+05 9.6E+02 2.1E+03 2.2E+03 1.8E+01 1.4E+01

Europium-155 5.3E+03 4.4E+01 9.6E+01 1.0E+02 8.4E-01 6.1E-01

Plutonium-238 3.7E+02 3.1E+00 6.7E+00 7.IE+00 5.9E-02 4.3E-02

Plutonium-239240 8.7E+03 7.2E+01 1.6E+02 1.7E+02 1.4E+00 1.0E+00

Potassium-40 1.7E+04 1.4E+02 3.IE+02 3.3E+02 2.7E+00 2.0E+00

Radium-226 1.0E+03 8.5E+00 1.9E+01 2.0E+01 1.6E-01 1.2E-01

Strontium-90 4.6E+04 3.8E+02 a 8.8E+02 7.3E+00 -a

Thorium-228 1.2E+03 1.0E+01 2.3E+01 2.4E+01 2.0E-01 1.5E-01

Uranium-233/234 7.OE+02 5.8E+00 1.3E+01 1.3E+01 1.1E-01 8.1E-02

Uranium-238 8.0E+02 6.713+00 15E+01 15E+01 13E-01 9.4E-02

aNot an external exposure hazard.
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Table E-1b. Summary of Intakes for Radioactive Contaminants in 2018
at the 116-H-1 Trench.

Contaminant Frequent-Use Scenario

Soil Ingestion
(pCi)

Fugitive Dust
Inhalation

(PCi)

External
Exposure

(PCi-YT/g)

Cesium-137 2.9E+05 2.4E+03 5.3E+03

Cobalt-60 1.5E+03 1.2E+01 2.7E+01

Europium-152 1.8E+05 1.6E+03 3.4E+03

Europium-154 1.5E+04 1.2E+02 2.7E+02

Europium-155 1.5E+02 1.3E+00 2.8E+00

Plutonium-238 3.0E+02 2.5E+00 5.5E+00

Plutonium-239/240 8.6E+03 7.3E+01 1.6E+02

Potassium-40 1.7E+04 1.4E+02 3.1E+02

Radium-226 1.0E+03 8.5E+00 1.9E+01

Strontium-90 2.4E+04 2.1E+02 -a

Thorium-228 9.9E-02 8.3E-04 1.8E-03

Uranium-233/234 6.9E+02 5.8E+00 1.3E+01

Uranium-238 7.9E+02 6.7E+00 1.5E+01

aNot an external exposure hazard.
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Table E-lc. Summary of Intakes for Non-Radioactive Contaminants at the 116-H-1 Trench.

Contaminant Frequent-Use Scenario Occasional-Use Scenario

Soil Ingestion
(mgAcg-d)

Fugitive Dust Inhalation Soil Ingestion
(mg/kg-d) (mgykg-d)

FugiGve Dust Inhalation
(mp/kg-d)

Noncarcinogenic Carcinogenic Noncarcinogenic Carcinogenic Noncardnogenic Grcinogenic Noncvcinogenie Grcinogenic

arsenic 4.7E-09 5.911-05 ? 6.8E-08b 9.1E-06 1.1E-06 " L4E-09b

benzo(a)pyrene ° 13E-06 -a 24E-08 a -a

aNo RID or SF available to evaluate this pathway.
binhalation intakes of arsenic account for 30% absorption.
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Table E-2a. Summary of Intakes for Radioactive Contaminants in 1992 at the 116-H-2 Trench.

m
'L^

Contaminant Frequent-Use Scenario Occasional-Use Scenario

Soil Ingestion
(pG)

Fugitive Dust
Inhalation

(PCi)

External Exposure
(pG-yr/g)

Soil Ingestion
(pG)

Fugitive Dust
Inhalation

(pCi)

External Exposure
(pCi-yr/g)

Cesium-137 7.OE+04 5.8E+02 1.3E+03 1.3E+03 1.1E+01 8.1E+00

Cobalt-60 9.9E+02 8.2E+00 1.8E+01 1.9E+01 1.6E-01 1.2E-01

Europium-152 1.6E+04' 1.3E+02 2.9E+02 3.OE+02 2.5E+00 1.8E+00

Europium-154 2.4E+03 2.0E+01 4.3E+01 4.5E+01 3.8E-01 2.8E-01

Europium-155 3.4E+02 2.8E+00 6.2E+00 6.6E+00 5.5E-02 4.OE-02

Potassium-40 1.7E+04 1.4E+02 3.1E+02 3.3E+02 2.7E+00 2.0E+00

Radium-226 6.6E+02 5.5E+00 1.2E+01 1.3E+01 J.OE-01 7.7E-02

Strontium-90 6.4E+04 5.4E+02 8 1.213+03 1.0E+01 ?

Thorium-228 8.3E+02 6.9E+00 1.5E+01 1.6E+01 1.313-01 9.7E-02

Thorium-232 4.6E+02 3.8E+00 8.4E+00 8.8E+00 7.3E-02 5.4E-02

Uranium-238 7.1E+02 5.9E+00 1.3E+01 1.4E+01 1.1E-01 8.3E-02

a Not an external exposure hazard.
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Table E-2b. Summary of Intakes for Radioactive Contaminants in 2018
at the 116-H-2 Trench.

Contaminant Frequent-Use Scenario

Soil Ingestion
(pCi)

Fugitive Dust
Inhalation

(pCi)

External
Exposure

(PCi-Ydg)

Cesium-137 3.8E+04 3.2E+02 7.OE+02

Cobalt-60 3.3E+01 2.8E-01 6.1 E-01

Europium-152 4.IE+03 3.5E+01 7.6E+01

Europium-154 2.9E+02 2.5E+00 5.4E+00

Europium-155 9.2E+00 7.8E-02 1.7E-01

Potassium-40 1.7E+04 1.4E+02 3.1 E+02

Radium-226 6.4E+02 5.4E+00 1.2E+01

Strontium-90 3.4E+04 2.9E+02 a

Thorium-228 6.5E-02 5.5E-04 1.2E-03

Thorium-232 4.5E+02 3.8E+00 8.4E+00

Uranium-238 7.OE+02 5.9E+00 1.3E+01

a Not an external exposure hazard.
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Table E-3a. Summary of Intakes for Radioactive Contaminants in 1992 at the 116-H-3 French Drain.

m
61

Contaminant Frequent-Use Scenario Occasional-Use Scenario

Soil Ingestion
(pCi)'

Fugitive Dust
Inhalation

(pCi)

External Exposure
(pCi-yr/g)

Soil Ingestion
(pCi)

Fugitive Dust
Inhalation

(pCi)

External Exposure
(pCa-yr/g)

Cesium-137 1.9E+05 1.6E+03 3.5E+03 3.7E+03 3.0E+01 2.2E+01

Cobalt-60 1.7E+04 1.4E+02 3.IE+02 3.3E+02 2.7E+00 2.0E+00

Europium-152 4.2E+04 3.5E+02 7.7E+02 8.1E+02 6.7E+00 4.9E+00

Europium-154 6.3E+03 5.3E+01 1.2E+02 1.2E+02 I.OE+00 7.4E-01

Europium-155 2.9E+02 2.4E+00 5.3E+00 5.5E+00 4.6E-02 3.4E-02

Flutonium-239/240 3.5E+02 3.0E+00 6.5E+00 6.8E+00 5.7E-02 4.1E-02

Potassium-40 1.3E+04 1.IE+02 2.4E+02 2.5E+02 2.1E+00 15E+00

Thorium-228 7.6E+02 6.4E+00 1.4E+01 1.5E+01 12E-01 8.9E-02

Thorium-232 5.8E+02 4.8E+00 1.1E+01 1.1E-01 9.2E-02 6.8E-02

Uranium-238 7.6E+02 6.4E+00 1.4E+01 1.5E+01 1.2E-01 8.9E-02

0
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Table E-3b. Summary of Intakes for Radioactive Contaminants in 2018
at the 116-H-3 French Drain.

Contaminant Frequent-Use Scenario

Soil Ingestion
(pCi)

Fugitive Dust
Inhalation

(pCi)

External Exposure
(pCi-yr/g)

Cesium-137 1.0E+05 8.8E+02 1.9E+03

Cobalt-60 5.3E+02 4.5E+00 9.8E+00

Europium-152 1.1E+04 9.3E+01 2.OE+02

Europium-154 8.1E+02 6.8E+00 1.5E+01

Europium-155 8.1E+00 6.8E-02 1.5E-01

Plutonium-239/240 3.5E+02 3.OE+00 6.5E+00

Potassium-40 1.3E+04 1.1E+02 2.4E+02

Thorium-228 6.OE-02 5.1 E-04 1.1 E-03

Thorium-232 5.7E+02 4.8E+00 1.1 E+01

Uranium-238 7.5E+02 6.4E+00 1.4E+01
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Table E-4a. Summary of Intakes for Radioactive Contaminants in 1992 at the 116-H-7 Retention Basin.

^

Contaminant Frequent-Use Scenario Occasional-Use Scenario

Soil Ingestion
(pCi)

Fugitive Dust
Inhalation

(pCi)

External Exposure
(pCi-yr/g)

Soil Ingestion
(pCi)

Fugitive Dust
Inhalation

(PC')

External Exposure
(pG-yr/g)

Americium-241 95E+02 7.9E+00 1.7E+01 1.8E+01 15E-01 1.1E-01

Cesium-134 7.2E+03 6.IE+01 1.3E+02 1.4E+02 1.2E+00 8.3E-01

Cesium-137 2.6E+06 2.2E+04 4.8E+04 5.0E+04 4.2E+02 3.OE+02

Cobalt-60 2.9E+06 2.4E+04 5.3E+04 5.5E+04 4.6E+02 3.3E+02

Europium-152 2.2E+07 1.9E+05 4.1E+05 4.3E+05 3.6E+03 2.6E+03

Europium-154 7.4E+06 6.2E+04 1.4E+05 1.4E+05 1.2E+03 8.5E+02

Europium-155 8.6E+05 7.3E+03 1.6E+04 1.7E+04 1.4E+02 9.9E+01

Nickel-63 2.3E+07 2.0E+05 a 4.5E+05 3.8E+03 a

Plutonium-238 8.8E+03 7.5E+01 1.6E+02 1.7E+02 1.4E+00 1.0E+00

Plutonium-239/210 2.6E+05 2.2E+03 4.8E+03 5.OE+03 4.2E+01 3.OE+01

Potassium-40 4.3E+04 3.6E+02 7.9E+02 8.3E+02 6.9E+00 5.1E+00

Radium-226 85E+02 7.1E+00 1.6E+01 1.6E+01 1.4E-01 1.0E-01

Strontium-90 3.1E+05 2.6E+03 ? 5.9E+03 5.0E+01 a

Thorium-228 1.1E+03 8.9E+00 1.9E+01 2.0E+01 1.7E-01 1.2E-01

Thorium-232 5.4E+02 4.5E+00 9.8E+00 1.0E+01 8.6E-02 6.3E-02

Uranium-238 6.1E+03 5.2E+01 1.1E+02 1.2E+02 9.9E-01 7.0E-01

Zirconium-95 7.4E+02 6.1E+00 1.3E+01 1.4E+01 1.2E-01 8.6E-02

a Not an external exposure hazard.
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Table E4b. Summary of Intakes for Radioactive Contaminants in 2018 at the 116-H-7
Retention Basin.

Contaminant Frequent-Use Scenario

Soil Ingestion

(pCi)
Fugitive Dust
Inhalation

(PQ

External Exposure

(pCi-yr/g)

Americium-241 9.OE+02 7.6E+00 1.7E+01

Cesium-134 1.1 E+00 9.6E-03 2.1 E-02

Cesium-137 1.4E+06 1:2E+04 2.7E+04

Cobalt-60 9.3E+04 7.9E+02 1.7E+03

Europium-152 6.OE+06 5.OE+04 1.1 E+05

Europium-154 9.5E+05 8.0E+03 1.5E+04

Europium-155 2.3E+04 1.9E+02 4.2E+02

Nickel-63 1.9E+07 1.6E+05 ?

Plutonium-238 7.2E+03 6.1E+01 1.3E+02

Plutonium-239/240 2.6E+05 2.2E+03 4.8E+03

Potassium-40 4.3E+04 3.6E+02 7.9E+02

Radium-226 8.4E+02 7.IE+00 1.5E+01

Strontium-90 1.6E+05 1.4E+03 a

Thorium-228 8.4E-02 7.1 E-04 1.6E-03

Thorium-232 5.3E+02 4.5E+00 9.8E+00

Uranium-238 6.1 E+03 5.2E+01 1.1 E+02

Zirconium-95 1.4E-42 1.2E-44 2.5E-44

aNot an external exposure hazard.
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Table E-4c. Summary of Intakes for Non-Radioactive Contaminants at the 116-H-7 Retention Basin.

Contaminant Frequent-Use Scenario Occasional-Use Scenario

Soil Ingestion

(mg4'g•d)
Fugitive Dust Inhalation Soil Ingestion

(-gMg-d) (rnWkg-d)

Fugitive Dust Inhalation

(mg/kg-d)

Noncarcinogenic Carcinogenic Noncarcinogenic Carcinogenic Noncarcinogenic Carcinogenic Noncardnogenic Carcinogenic

Arsenic 5.9E-04 7.313-05 •a 2.9E-07 l.lE-05 1.4E-06 -a SSE-09

Chromium VI 35E-04 b ° 1.7E-07 6.8E-06 b ! 3.3E-09

aNo RID or SF available to evaluate this pathway.
bNot classified as a carcinogen or not carcinogenic via this exposure route or pathway.
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Table E-5a. Summary of Intakes for Radioactive Contaminants in 1992 at the 116-H-9 Crib.

Contaminant Frequent-Use Scenario Occasional-Use Scenario

Soil Ingestion
(pG)

Fugitive Dust
Inhalation

(PC,)

External Exposure
(pG-yr/g)

Soil Ingestion
(pG)

Fugitive Dust
Inhalation

(PG)

External Exposure
(pG-yr/g)

Potassium-40 2.OE+04 1.6E+02 3.6E+02 3.8E+02 3.1E+00 2.3E+00

Radium-226 8.4E+02 7.0E+00 1.5E+01 1.6E+01 1.3E-01 9.8E-02

Thorium-228 1.6E+03 1.3E+01 2.9E+01 3.0E+01 2.5E-01 1.8E-01

Thorium-232 9.9E+02 8.2E+00 1.8E+01 1.9E+01 1.6E-01 1.2E-01

Uranium-238 6.2E+02 5.1E+00 1.1E+01 1.2E+01 9.9E-02 72E-02
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Table E-5b. Summary of Intakes for Radioactive Contaminants in 2018 at the 116-H-9 Crib.

Contaminant Frequent-Use Scenario

Soil Ingestion
( pCi)

Fugitive Dust
Inhalation

(PQ

External Exposure
(pC'i-yr/g)

Potassium-40 1.9E+04 1.6E+02 3.6E+02

Radium-226 8.2E+02 7.0E+00 1.5E+01

Thorium-228 1.2E-01 •I.1E-03 2.3E-03

Thorium-232 9.7E+02 8.2E+00 1.8E+01

Uranium-238 6.IE+02 5.IE+00 I.IE+01
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Table E-5c. Summary of Intakes for Non-Radioactive Contaminants at the 116-H-9 Crib.

[7'1

W

Contaminant Frequent-Use Scenario Occasional-Use Scenario

Soil Ingestion
(mgAcg-d)

Fugitive Dust Inhalation
(mgAcg-d)

Soil Ingestion
(mgAcgd)

Fugitive Dust Inhalation
(mgAcg-d)

Noncarcinogenic Carcinogenic Noncarcinogenic Carcinogenic Noncarcinogenic Carcinogenic Noncarunogenic Carcinogenic

Barium &4E-03 -b 21E-05 -b 1.6E-04 -b 4E-07 -b

Beryllium 5.9E415 7.3E-06 •a 29E-08 1.1E-06 1.4E-07 •a 55E-10

Chromium VI 1.4E-03 -b a 7E-07 y.7E-05 b -a 1.3E-08

Manganese 4.0E-02 -b 95E-05 •6 7.3E-04 '6 1.gE-06 -b

Vanadium 4.9H-03 -b -a -a 938-05 -b -a -b

aNo RfD or SF available to evaluate this pathway.
bNot classified as a carcinogen or not carcinogenic via this exposure route or pathway.
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Table E-6a. Summary of Intakes for Radioactive Contaminants in 1992 at the Process Effluent Pipelines.

m̂
^

Contaminant Frequent-Use Scenario Occasional-Use Scenario

Soil Ingestion
( pCi)

Fugitive Dust
Inhalation

(PQ

External Exposure Soil Ingestion
(pCi-yr/g) ( pCi)

Fugitive Dust
Inhalation

(PCi)

External Exposure
(pCi-yr/g)

SOIL

Cesium-137 4.5E+01 3.7E-01 7.8E-01 8.6E-01 7.1E-03 5.2E-03

Cobalt-60 5.0E+01 4.2E-01 8.7E-01 9.6E-01 8.OE-03 5.8E-03

Europium-152 1.4E+02 1.2E+00 2.5E+00 2.8E+00 2.3E-02 1.7E-02

Europium-154 1.0E+02 8.7E-01 1.8E+00 2.0E+00 1.7E-02 1.2E-02

Uraniumb 3.9E+02 3.3E+00 6,9E+00 7.5E+00 6.3E-02 4.6E-02

SLUDGE

Cesium-134 7.2E+03 6.0E+01 1.3E+02 1.4E+02 1.2E+00 8.5E-01

Cesium-137 3.8E+06 3.2E+04 7.OE+04 7.3E+04 6.1E+02 4.5E+02

Cobalt-60 1.5E+07 1.2E+05 2.7E+05 2.8E+05 2.4E+03 1.7E+03

Europium-152 3.4E+07 2.9E+05 6.3E+05 6.6E+05 5.5E+03 4.OE+03

Europium-154 7.4E+06 6.2E+04 1.4E+05 1.4E+05 1.2E+03 8.7E+02

Europium-155 8.6E+05 7.3E+03 1.6E+04 1.7E+04 1.4E+02 1.OE+02

Nickel-63 2.3E+07 2.0E+05 a 4.5E+05 3.8E+03 a

Plutonium-238 1.3E+04 1.1E+02 13E+02 2.4E+02 2.0E+00 1.5E+00

Plutonium-239/240 3.0E+05 2.5E+03 5.5E+03 5.8E+03 4.8E+01 3.5E+01

Strontium-90 1.2E+06 1.0E+04 a 2.4E+04 2.0E+02 s

Uraniumb 6.1E+03 5.1E+01 I.1E+02 I.ZE+02 9.9E-01 7.2E-01

aNot an external exposure hazard.
bAssumed to be uranium-238 (see Chapter 2).
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Table E-6b. Summary of Intakes for Radioactive Contaminants in 2018
at the Process Effluent Pipelines.

Contaminant Frequent-Use Scenario

Soil Ingestion

(pG)
Fugitive Dust

Inhalation

(pCi)

External Exposure
(pG-yr/g)

SOIL

Cesium-137 2.4E+01 2.1 E-01 4.5E-01

Cobalt-60 1.6E+00 1.4E-02 3.OE-02

Europium-152 3.8E+01 3.2E-01 7.1E-01

Europi um-154 1.3E+01 1.1 E-01 2.5E-01

Uraniumb 3.9E+02 3.3E+00 7.2E+00

SLUDGE

Cesium-134 1.1E+00 9.6E-03 2.1E-02

Cesium-137 2.1E+06 1.8E+04 3.8E+04

Cobalt-60 4.8E+05 4.IE+03 8.9E+03

Europium-152 9.OE+06 7.6E+04 1.7E+05

Europium-154 9.5E+05 8.OE+03 1.8E+04

Europium-155 2.3E+04 I.9E+02 4.2E+02

Nickel-63 1.9E+07 1.6E+05 a

Plutonium-238 I.OE+04 8.7E+01 1.9E+02

Plutonium-239/240 3.OE+05 2.5E+03 5.5E+03

Strontium-90 6.6E+05 5.6E+03 a

Uraniumb 6.I E+03 5.1 E+01 1.1 E+02

aNot an external exposure hazard.
bAssumed to be uranium-238 (see Chapter 2).
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Table E-7a. Summary of Intakes for Radioactive Contaminants in 1992 at the 116-H-7 Sludge Burial Trench.

Contaminant Frequent-Use Scenario Occasional-Use Scenario

Soil Ingestion Fugitive Dust External Exposure Soil Ingestion Fugitive Dust External Exposure
(pCi) Inhalation (pCi-yr/g) (pCi) Inhalation (pCi-yr/g)

(pCi) (pCi)

Europium-154 7.9E+01 6.6E-01 1.4E+00 1.5E+00 1.3E-02 9.2E-03
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Table E-7b. Summary of Intakes for Radioactive Contaminants in 2018 at the
116-H-7 Sludge Burial Trench.

Contaminant Frequent-Use Scenario

Soil Ingestion Fugitive Dust External Exposure
(pG) Inhalation (pCi-yr/g)

(pG)

Europium-154 1.0E+01 8.5E-02 1.8E-01

12
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APPENDIX F

EVALUATION OF EXTERNAL RADIATION EXPOSURE
UNDER A CURRENT OCCASIONAL-USE SCENARIO
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F-1.0 EXTERNAL EXPOSURE EVALUATION METHODOLOGY

F-1.1 PROBLEM DEFINITION

The method for evaluating radionuclide risks via the external exposure pathway is
likely to provide unrealistic (conservative) risk estimates. Two characteristics of the qualitative
risk assessment methodology account for this conservatism: the use of EPA slope factors, and
the use of maximum concentrations within the top 15 ft.

The use of external exposure slope factors is only appropriate when contaminant
conditions can be represented by an infinite slab source without cover (EPA 1992). For
radionuclides that emit high energy gamma rays (e.g., cobalt-60 and cesium-137), this
condition is satisfied if contamination is uniforrrily distributed from the Yound surface to a
depth of nearly 1 m (3.3 ft), and covers an area of approximately 1200 m . The extent to
which these conditions are not satisfied is directly related to the over estimate of the risk.

The use of data from samples as deep as 15 ft is based on the assumption that 15 ft is
the depth of soil that could be excavated and distributed at the soil surface [WAC 173•340-
740(6)(c)), such as during the building of a basement. This assumption precludes accounting
for the existence of a clean cover (if one currently exists). Under this assumption, risk values
calculated for the external exposure pathway may be unrepresentative of current site
conditions.

F-1.2 APPROACH

In evaluating the current occasional-use scenario, it is appropriate that a more limited
set of data representing samples from 0 to 1.8 m(0 to 6 ft) be used for comparison to risk-
based concentrations. This approach intends to compensate for one conservative
characteristics of the external exposure analysis (i.e., the choice of a maximum contaminant
concentration). It does not, however, compensate for the potential conservatism associated
with external exposure slope factors. Justification for using this approach is described as
follows.

Under current site conditions, institutional controls prevent the inadvertent intrusion
into a contaminated zone such that any clean soil cover is maintained. Consequently, a more
realistic evaluation of a current exposure should account for the presence of a clean cover,
and the size of a contaminated zone. Unfortunately, available data are not sufficient to
provide an accurate profile of contaminant conditions. For example, although one borehole
may indicate that contaminants are not present above 1 in, it may not be a good assumption
that there is a clean cover of 1 in over the whole site because of the limited sampling data.
Unless there is site-specific information indicating that clean backfill material was deposited
over the whole site, borehole data should not be used as evidence of a clean cover.

F-1
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One way that the shielding effect of soil can be accounted for at all sites is to

recognize that radionuclides below a certain depth will not contribute to risk because this

thickness of soil is sufficient to shield against any likely radionuclide concentrations. As a

result, radionuclide concentration data from samples below a certain depth can be ignored.

For the purpose of this evaluation, 1.8 m (6 ft) of soil cover is assumed to provide
sufficient shielding from external exposure to gamma radiation. Consequently, the depth
range evaluated for the current occasional-use scenario (accounting for shielding) is 0 to 1.8 in
(0 to 6 ft) below ground surface.

Two meters of clean soil provides sufficient shielding such that it is nearly impossible
for a contaminated zone to have radionuclide concentrations high enough to provide a
lifetime incremental cancer risk (ICR) of 10'6 or more. Table F-1 provides the radionuclide
concentrations that would have to be present in an infinite slab with 1.8 m(6 ft) of clean
cover such that a person with continuous exposure to the site (for 30 yr) would incur an ICR
of 10-6. Since it is extremely unlikely (if not nearly impossible) for environmental
contamination to exist at these activity concentrations, it is reasonable that data from samples
taken below 1.8 m(6 ft) be dismissed for evaluation of external exposure risks under a current
occasional-use scenario.

The values presented in Table F-1 were generated with the use of the RESRAD code
(Argonne 1992). RESRAD provides external exposure dose rates associated with radionuclide
concentrations. The ratio of these two values allows one to determine the radionuclide
concentrations required to provide any specified dose rate (or cancer risk value) as follows:

RBC = 10-6/[(unit dose rate) x 6.2x10-7/mrem x 30 yr]

= 5.4x10"Z (mrem/yr)/(unit dose rate)

where: RBC = Risk-based concentration (pCi/g) associated with a
10'6 lifetime incremental cancer risk

unit dose rate = dose rate per unit concentration (radionuclide
specific (mrent/yr per pCVg); calculated using
RESRAD (Argonne 1992)

The risk factor used to relate dose to risk is 6.2x10'7/mrem, as recommended by EPA (1989) for
estimating lifetime cancer (incidence) risk.

RESRAD requires the selection of several input parameters. The pertinent input
parameters for this analysis are as follows: cover depth (1.8 m), density of cover material
(1.6 g/m3), shielding factor (0), shape factor (1), and fraction of time spent outdoors (1). This
last parameter corresponds to a continuous exposure. All other parameter values used are
RESRAD default values.

It is noted that even 1 m (3.3 ft) is likely to provide sufficient shielding from any likely
radionuclide concentration. For example, an infinite slab with 1 m of clean cover would have
to have a uniform concentration of 5.8x103 pCVg of cesium-137 in order to pose a risk of 10-6
to the frequent user. However, as noted above, the depth to contamination within a small
number of boreholes may not provide a representative estimate of the thickness of the clean
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cover for the whole site. Including data from samples down to 1.8 m (6 ft) is intended to
compensate for this uncertainty.

This method should not be interpreted as a means of making the external exposure
pathway analysis accurate. It simply removes one of the characteristics that makes this
analysis unrealistically conservative. This method is still conservative because it considers the
maximum detected concentration in the upper 1.8 m (6 ft) as being representative of
contaminant conditions, and the use of unadjusted slope factors means that the risk estimates
are most appropriate for an infinite slab source.

Radionuclide concentrations from the top 1.8 m(6 ft) can then be compared to risk-
based concentrations calculated using occasional-use exposure parameters. This comparison
provides a simple means of approximating the external exposure risk, rather than using
contaminant concentration data to calculate risk estimates. These risk-based concentrations
are presented in Table F-2, and are calculated for target risks of 10'4 and 10-6.

F-1.3 ANALYSIS PROCEDURE

Based on this discussion, the external exposure pathway for the occasional-use
scenario has been analyzed as follows:

determine which samples were taken from depths less than 6 ft (i.e., bottom of
sample is above 6 ft),
identify the highest radionuclide concentrations detected in either LFI or
historical data for a waste site,
compare these concentrations with risk-based concentrations (based on
occasional-use exposure parameters, and 10'4 and 1e target risks).

If the maximum detected concentrations are less than the 10.6 risk-based
concentrations (Table F-2), then the risk associated with the external exposure pathway is
assumed to be negligible under the current scenario. If a radionuclide's maximum detected
concentration exceeds its respective 10'6 risk-based concentration, then the ratio of the
maximum detected concentration to the risk-based concentration is used to estimate the
external exposure risk associated with that radionuclide.

F-1.4 USE OF SURVEY DATA

Radiological survey data or thermoluminescent dosimeter (TLD) data for a waste site
provide additional information on the external exposure hazard associated with that site. The
environmental monitoring results indicate whether ambient external radiation levels are
attributable to background radiation, or if site contamination results in a significant increase
above background levels. If monitoring results indicate that the external radiation levels are
consistent with background, then it is concluded that the external exposure risk associated
with the site is less than 10-5 (even if the risk estimate based on soil concentration data is
higher).

It is not possible, using survey data, to determine whether the external exposure risk is
less than 10'5 because this is the approximate risk associated with the fluctuation in natural
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background radiation levels. The background external exposure level in the Tri-Cities is

approximately 100 mrerr-Vyr (Woodruff et al. 1992). Unless contaminants raise the total dose

rate by a significant fraction of this amount (e.g., 50 mrenl/yr), this increase can not be

detected by field instruments. Under an occasional-use scenario, an increase in the ambient

radiation level of 50 mrern/yr would be associated with an ICR of approximately 10'5 .

In most cases, radiation survey data will only indicate whether the radiation level is
less than background, or (if greater than background) the meter count rate. These data are of
insufficient quality to derive dose rates or risk values. Radiation survey data are often
intended to only indicate whether or not contamination is present. Survey reports may
indicate whether the above background readings are associated with surface contamination or
contaminants distributed in soil at depth. It is the latter case which is of interest in this
analysis. Surface contamination and contamination at depth can result in external exposures,
and the presence of either indicates that the risk via external exposure may be greater than
10'5. However, the presence of surface contamination alone indicates that risk calculations

;;--. (which are based on the assumption of contamination at depth) are inappropriate; such risk
Z2_ values should be viewed with a great deal of skepticism.

TLD data are useful only if the TLDs are in close proximity (within a few meters) to a
A waste site. TLD data provide dose rates (mrerrt/yr), and should be compared to background

levels in order to determine whether site contaminant contribute to the external exposure
levels.

A summary of the additional evaluation of the external exposure pathway for each
waste site is provided in the discussion of the threat posed by the site in Chapter 3.

F-2.0 EVALUATION OF EXTERNAL EXPOSURE FOR 100-HR-1

Table F-3 indicates that maximum detected radionuclide concentrations (within the
upper 6 ft) exceed risk-based concentrations for one or more radionuclides at the 116-H-1
trench, 116-H-2 trench, 116-H-3 french drain, 116H-7 retention basin, and 116-H-9 crib. These
radionuclides include cesium-134, cesium-137, cobalt-60, europium-152, europium-154,
europium-155, potassium-40, and thorium-228. [Note: radionuclide concentrations within the
diversion,rJunction box of the process effluent pipelines also exceed risk-based concentrations;
however, these data represent contaminated materials within an existing structure, not
environmental contamination.] This conclusion is based entirely on maximum concentrations
(in the upper 6 ft) from historical data excepting all data for potassium110, and thorium-228,
as well as europium-152 at the 116-H-3 french drain, which are from the LFI.

By comparing the maximum detected and risk-based concentrations, it is possible to
estimate the risk associated with each waste site. Using this method, the approximate risks
associated with the waste sites noted above are as follows:

• 116-H-1 trench 5E-04
• 116-H-2 trench 2E-05
• 116-H-3 french drain 1E-04
• 116-H-7 retention basin 5-1E-02
• 116-H-9 crib 2E-06
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It is important to note that these risk estimates are based on the extremely
conservative assumption that the maximum detected contaminant concentrations (in the
upper 6 ft) define a contaminated zone with an area of at least 1200 mZ and a thickness of at
least 1 m (i.e., essentially an infinite slab source).

Table Fjl provides a summary of WHC radiation survey reports for the 100-HR-1
operable unit and indicates that 116-H-1, 116-H-2, and 116-H-7 basin are the only sites which
exhibit above background surface radiation levels. A WHC walking-stick survey of 116-H-1,
116-H-2, and 116-H-9 is provided in Table F-5. This survey indicates that there is a surface
contamination area associated with the 116-H-1 trench but no elevated radiation levels within
the trench itself. The 116-H-2 trench has detectable surface radiation within the trench itself.
The 116-H-9 crib does not have elevated levels of surface radiation.

The survey data for 116-H-2 is in agreement with risk calculations for determining
sites that pose potentially significant risks via the external exposure pathway. For the 116•H-9
crib, the lack of survey evidence for elevated levels of surface contamination is likely due to
the fact that potassium-40, a naturally occurring radionuclide, is a primary risk-driver.
Background levels of this radionuclide probably prevented detection of the thorium-228
identified at this site in the upper 6 ft of soil. The discrepancy between survey data and
historical data at the 116-H-1 trench can probably be ascribed to additional fill being added
since 1978.

These survey data are only useful in determining where contamination is present;
they cannot be used to estimate risk values.
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Table F-1. Concentrations of Various Gamma Emitting Radionuclides Required
to Provide a 10-6 Lifetime Incremental Cancer Risk via External Exposure°.

Radionuclide Risk-Based Concentrationb (pCVg)

Cobalt-60 1.5E+06
Cesium-134 6.9E+07
Cesium-137 2.3E+08

Europium-152 2.1E+06
Europium-154 3.5E+06
Radium-226 6.2E+05
Thorium-228 1.4E+04

°Assumes an infinite slab source with 6 ft of clean cover, and continuous exposure for
30 yr.
bAccounts for contribution of radioactive daughter products. Concentrations
calculated with the use of RESRAD (Argonne 1992).

Note: Risk-based concentrations for other radionuclides would be higher than those
presented here.
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Table F-2. Risk Based Radionuclide Concentrations for the
External Exposure Pathway Based on an Occasional-Use Scenario (1992)

without Shielding.

Radionuclides Concentration' at
ICR = 10-6

Concentration° at
ICR = 10'4

Americium-241 1.3E+03 13E+05

Cesium-134 1.3E+00 1.3E+02

Cesium-137 3.3E+00 3.3E+02

Cobalt-60 7.6E-01 7.6E+01

Europium-152 1.8E+00 1.8E+02

Europium-154 1.6E+00 1.6E+02

Europium-155 1.1E+02 1.1E+04

Plutonium-238 2.3E+05 2.3E+07

Plutonium-239/240 2.4E+056 2.4E+076

Potassium-40 1.2E+01 1.2E+03

Radium-226 1.1E+00 1.1E+02

Technetium-99 1.1E+07 1.1E+09

Thorium-228 1.2E+00 1.2E+02

Thorium-232 2.5E+05 2.5E+07

Uranium-233/234 1.6E+05 1.6E+07

Uranium-235 2.7E+01 2.7E+03

Uranium-238 1.8E+02 1.8E+04

Zirconium-95 2.6E+00 2.6E+02

'Assumes radionuclides are uniformly distributed in soil (no shielding)
bPlutonium-240 slope factor was used for calculation
ICR = Lifetime incremental cancer risk

Note: Risk-based concentrations are not provided for carbon-14, nickel-63, strontium-
90, and tritium (H-3) because they are not gamma emitters.
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Table F-3. Summary of Maximum Concentrations of Radionuclides in 1992 at the
100-HR-1 Waste Sites. (Sheet 1 of 4)

RadionucGde Depth

(ft)

Sites with LFI and Historical Data

116-H-1 Trenc 116-H-2 Trenc 116-H-3 Drain 116-H-7 Basin 116-H-9 Cri

(pCi/g) (PCi/S)

Sites with Historical Data Only

Process Effluent Process Effluent
116-H-7 Trench

P;PeBne (soil) Pipelinea (sludge)

Americiium-241 0-6 - - - - - - - -

6-15 0.2(L) - - 0.72 (L) - - - -

>15 0.077(L) - - - - - - -

Carbon-14 0-6 - - - ND - ND - -

6-15 ND - - 33 (L) - " - -

>15 15 (L) - - 34 (L) - - - -

Cesium-134 0-6 0.00017 (H) 0.00038 (H) ND 5.5° (H) - ND - -

6-15 0.00016 (H) 0.00015 (H) ND 0.00064 (H) - " - -

>15 0.00018 (H) - - ND - - 5.5° (H) -

Cesium-137 0-6 400' (H) 53° (H) 150° (H) 2000` (H) 0.034 (H) _ - -

6-15 324 (H,L) 0.064 (H) 76°(H) 464 (H) ' - -

>15 36Q` (H) - - 574 (H) 029 (L) - 2900` (H) -

obalt-60 0-6 33d (H) 0.75 (H) 134 (H) 2100` (H) - 0.038 (H) - -

6-15 25° (L) 0.078 (H) 0.38 (L) 36° (L) - " -

> 15, 524 (H) - 0.13 (H) 36°(H) - - 11,000 (H) -

Europium-152 0-6 530` (I-I) 12° (H) 321 (L) 17,000` (H) !; - 0.11 (H) - -

6-15 54° (L) 0.31 (H) 0.88 (H) 260° (L) _b - -

>15 930^ (L) 210 (H) 2b,000` (H) -

Europium-154 0-6 88? (H) 1.8° (H) 484 ! (H) $?00` (H) ,', 0.079 (H) - -

6-15 0.037 (H) 0.31 (H) 374 (L) _b - 0.06 (H)

>15 710` (ti) _: 37° (H) ';; 5700` (H) -

n
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^
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Table F-3. Summary of Maximum Concentrations of Radionuclides in 1992 at the
100-HR-1 Waste Sites. (Sheet 2 of 4)

n
I^o

Radionuclide Depth
(ft)

Sites with LFI and Historical Data

116-H-1 Trench 116-H-2 Trench 116-H-3 Drain 116-H-7 Basin 116-H-9 Cri

Sites with Historical Data Only

Process Effluent Process Effluent
116-H-7 Trench

Rp(PC'JS) '') Pipeh(PCI/B)
udge)

Europium-155 0-6 4.4 (H) 026 (H) 0.093 (H) 6.504(H) - 0.039 (H) - -

6-15 0.035 (H) 0.022 (HO 4.8 (H) 1.1 (H) - ° - 0.015 (H)

> 15 9.7 (H) - - 2.5 (H) - - 6610° (H) -

Nickel-63 0-6 - - - 18,000 (H) - - - -

6-15 - - - - - - - -

>15 - - - - - - 18,000 fH) -

Plutonium-238 0-6 0.28 (H) ND - 6.8 (H) - 0.024 (H) - -

6-15 ND ND ND 0.70 (H) - " - -

>15 . 0.31 (H) - - 0.26 (H) - 9.7 (H) -

Plutonium-239/240 0-6 6.6 (H) 0.13 (H) - 200 (H) - 0.14 (H)' - -

6-15 0.64 (L) ND 0.27 (H) 1.9 (H) - ° - -

>15 1.8 (M - - 3.2 (M - - 230 (H) -

Potassium-40 0-6 - - - 7.2 (L) 15' (L) ' - - -

6-15 13" (L) 134 (L) 9.8 (L) 33° (L) - - - -

>15 13° (L) - 8.8 (L) 11 (L) 11 (L) - - -

Radium-226 0-6 - - - 0.29 (L) 0.64 (L) - -

6-15 0.78 (L) 0.5 (L) - 0.65 (L) - - - -

>15 0.85 (L) - 0.45 (L) 0.44 (L) 0.71 (L) - - -

Strontium-90 0-6 35 (H) 49 (H) - 240 (H) - 0.088 (H) - -

6-15 6.2 (L) 8.7 (H) 0.38 (H) 12 (H) - " - 0.26 (M

>15 55 (H) - - 6.4 (H) - - 950 (H) -

echnetium-99 0-6 - - - . - - - - -

6-15 0.25 (L) - - 0.26 (L) - - - -

>15 0.67 (L) - - - - - - -

n
cn
C7
m
z
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Table F-3. Summary of Maximum Concentrations of Radionuclides in 1992 at the
100-HR-1 Waste Sites. (Sheet 3 of 4)

ITI

0

lidR di D th
Sites with LFI and Historical Data Sites with Historical Data Only

onuca e ep

(ft) 116-H-1 Trenc
(pCi/g)

116-H-2 Trenc
(pCi/g)

116-H-3 Drain
(pCUg)

116-H-7 Basin
(pCVg)

116-H-9 Cri
(pCVg)

Process Effluent
PipeGne (soil)

(PCVg)

Process Effluent
PipeGnea (sludge)

(PCVg)

116-H-7 Trench
(pC.Vg)

horium-228 0-6 - - - 0.41 (L) [1,2° (L) - -

6-15 0.95 (L) 0.63 (L) 0.58 (L) 0.81 (L) - - - -

>15 0.75 (L) - 0.57 (L) 0.46 (L) 1.1 (L) - - -

orium-232 0-6 - - - 0.41 (L) 0.75 (L) - - -

6-15 - 0.35 (L) 0.44 (L) - - - - -

>15 0.89 (L) - 0.26 (L) 0.44 (L) 1.1 (L) - - -

ritium 0-6 - 4.5 (H) - 150 (H) - 18 (H) - -

6-15 0.39 (H) 18 (H) 1.8 (H) 6.9 (H) - " - -

>15 0.26 (H) - - 17 (H) - - 650 (H) -

Uranium-233/234 0-6 - - - - - - - -

6-15 0.53 (L) - - - - - - -

>15 0.62 (L) - 0.35 (L) - - - - -

Uranium-235 0-6 - - - - - - - -

6-15 - - - - - - -
-

>15 0.0016 (L) - - - - - - -

Uranium-238 0-6 - - - 4.7 (H) 0.47 (L) 0.3 (H) - -

6-15 0.61 (L) 0.54 (L) 0.58 (L) 0.68 (L) - " - • -

>15 0.58 (L) - 0.44 (L) 053 (L) 0.45 (L) - 4.7 (H) -

Zirconium-95 0-6 - - - 0.56 (L) - - - -

6-15 - - - - - - - -

>15 - - - - - - - -

0



Table F-3. Summary of Maximum Concentrations of Radionuclides in.1992 at the
100-HR-1 Waste Sites. (Sheet 4 of 4)

Process Effluent Pipeline sludge is present within existing structures.
Value for 0-6 ft. could be at any depth within top 15 ft.
Shaded area indicates maximum concentration exceeds external risk-based concentration at 1E-04 risk.
Shaded area indicates maximum concentration exceeds external risk-based concentration at 1E-06 risk.

( H) = Historical Data (Dorian & Richards 1978).
(L) = LFI Data, 1992.
ND = Not detected.

- = Not analyzed.
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Table F-4. Summary of Radiation Surveys and TLD Data for 100-HR-1.

Radiation Survey Data°

Site Tl D Data
Below Surface Soil

Background Contamination Contamination

Detected by at Depth
Survey Detected by

Instruments Survey
Instruments

116-H-1 trench yes no no -

116-H-2'trench no yes -` -

116-H-3 drain yes no no -

116-H-7 basin no yes -` -

116-H-9 crib yes no no -

Proc. Eff. Pipe. b b b -

116-H-7 trench b b b -

116-H-5 outfall yes no no -

132-H-3 pump d a a -

station

116-H-6 basin yes no no -

132-H-2 building a d a -

132-H-1 stack d a a -

116-H-4 crib a a d -

' Although surface contamination or soil contamination at depth may be detected ,
some portion of each site is characterized by below background radiation levels.

b No survey data exists for this waste site.
` No attempt was made to determine depth profile of contamination.
d No specific sampling of these waste sites was performed, some surveys in the

general location of these waste sites have detected areas of radiation above
background.
= no information available.

TLD = Thermoluminescent dosimeter.

F-12



:aY / 3
. t x 7r r

E^^tr:

w

Westinghouse
O Hanford Company

Date

Z 5 (y
Lme

fr°m -D. 1-57) To M
SurveyNumper

11 11- 331

f(

E(^ ejge ^°I z-

RADIATION SURVEY REPORT
91dg

N/A
Area

iOQ `,

1'^

Room

DescnpuonolroG .
- ^

RWPNO ^
I^t

Luatron Ilb-1-^-1/116-N•.Z fl -N-E

` 1 , 1 11(] Chelvdapproprute WhenchecLfd.donotolaceunrebtedmlormanononth6record

R -SpfcutSurvfj

q EuaWnhDoie eaut q erooasyRelease

q RadquonQontammatwnlncrdent q RAMSInomenl

nem y( Defv,ouonolWOrMeNlormed RaduUOn
Mete• DOSE RAtE CONTAMrNATIONLEVELS

No. R
.

Cpnvnls.andMeatunmens
Deflection Ont Ct .

Gerarnon gamma(pen) neutron Duenldpml SmeartBBena- nMDS$(,)

Wp WIC oenl'^radnr mRTIr mremlhr
beta aloha oeta(d'm) aronald/m) mrad/hr

1 - 5t-cE '1 Ilb- 1N-1 5CA ARE - - - - - -- - 35QD - - ^ -

z , ^*11 -N- - - - _- - - - - - -
s ^ nb N 9 - - - - - - - <n - - - -

4 " r2 )1 9 N-v - - - 4 - < - -
- ^Ra - o - - - - - - < C^ - ^ l - _

. - 09 9 - - _. - ^ ^ - -

- n- - - -- - - < -

I ChecLlorpeOonneldoferate ^EC4n°nued onsypplementalreporl lorm

InqrVment(1)
Used

cn
ISI-11 ® G.M:vantaEe ^MxM/P•11 ® G^11 ® (>sN-/1 q Retpuarory0roteatwnWOrn

SenaNolu 019
r'

151
'IPi3 1 S ^

Z
^ 1l9 q s°pphednn

ESTIMAEEDPERSONNEL DOSE RATES
f l

GhaseolWOrt BasedonMeaturemenl(s) AverageDoteRate LrmrlApplyrng

q r ter

^ WBt' S q Other

R /.1c W9e f
None

eV S f

Ra•Eaootwe WoreLoutronCode Agned^

Ll
qDwI yourncreaseo•reduc<RWPrepuuernenrslormnworrs

No q vet Eepla,nonreve•tetae

Didyou attendapre.loomeelngtorm.twort+

0 N:A I] No q Yes

Revrewe 'D w^

/G

a

R

^

C

^zC d n

m
.^ ,
N r

..^

C

Q

M

W 7

I-+
.A

^

\0

^ t
d

(10.901



; I . .,(..• ';i ,^ s ,i ^.

^
jA

Ir>-

--i ®
Westinghouse SUPPLEMENTAL REPORT FORM
Hanford Company

Data Survey No p C
RADIATION SURVEY REPORT 25" ^r,^ q

<em
v
E DerurpounolVVorkVerlormed.Radiation Meter DOSERATE CONTAMINATION LEVELS

Vc R

I
Contrcq.ndMeamrementk Dellection Dkt. CF

beta ,on gamma ( pen) neutron Oire<t(dpm) Smear 100 cmt( )
VV;O VV•C Genlmradhr mR+hr mremfir beta alpha beta(d+m) alpha(d/m) mradrhr

•';

ne.,ewed By y
Oate .d

j a7T.../9

w
cr
A
^

^ n

C y

A
,-< M

z
^d̂
M
M 0

M-t M

h-t Fp+^
Cy\
P 1m

^x
N N

^0i.

a
.â
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APPENDIX G
DATA ASSESSMENT BASED ON-LABORATORY AND FIELD BLANKS

G
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Tables G-1 and G-2 show the results of laboratory and field organic blank data

assessments, respectively.

G.2 Inorganic Data Evaluation

Inorganic data were compiled and evaluated against field blanks as follows:

• Electronic files containing laboratory reports of sample data were
provided by WHC Hanford Environmental Information System (HEIS),
the results extracted and compiled into tabular summaries

• Laboratory reports (Form l's) of sample data not available in an
electronic format were obtained from WHC Environmental Data
Management Center (EDMC) in Richland, Washington and the data
contained in these reports were compiled into the tabular summaries

• Sample results not available electronically or on hard copy were
obtained from the data validation reports and compiled into the tabular
summaries

• After receipt of data validation reports, tabular summaries were
updated as appropriate and assessment of sample results against field
blank results was performed using the five times rule.

Table G-3 shows the results of inorganic field blank data assessments.

G3 Radiochemical Data Evaluation

Radiochemical data were compiled and evaluated against field blanks as follows:

Sample results were collected from the data validation reports and
compiled into a tabular summary

Laboratory reports (Form l's) of sample data not available from the data
validation reports were obtained from WHC Environmental Data
Management Center (EDMC) in Richland, Washington and the data
contained in these reports were compiled into the tabular summaries

After compilation, the tabular summaries were updated as appropriate,
according to the data validation reports, and assessment of sample
results against field blank results was performed using the five times
rule.

Table G-4 shows the results of radiochemistry field blank data assessments.

G-2
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This appendix explains how validated data were evaluated against laboratory and field

blank data prior to their use in the risk assessment. Evaluation was conducted using EPA's
data validation guidance (Bleyler 1988a and 1988b) and risk assessment data evaluation

guidance (EPA 1989). The evaluation was conducted separately for organic, inorganic and
radiochemical results in a step-wise fashion as presented below.

G.1 Organic Data. Evaluation

Organic data were first compiled and evaluated against laboratory blanks then field
blanks as follows:

• Electronic files containing laboratory results of both samples and
associated laboratory blank data were provided by WHC Hanford
Environmental Information System (HEIS). Sample and laboratory
blank results contained in these files were extracted and compiled into
tabular summaries

• Laboratory reports (Form 1's) of both sample and associated laboratory
blank data not available in electronic format were obtained from WHC
Environmental Data Management Center (EDMC) in Richland,
Washington and the data contained in these reports were compiled into
the tabular summaries

• Sample results not available electronically or on hard copy were
obtained from the validation reports and compiled into the tabular
summaries

• Laboratory blank results were identified by the laboratory performing
the analysis. Detected results in laboratory blanks were multiplied by a
factor of five (ten for compounds considered common laboratory
contaminants) and were matched to samples containing similar detected
compounds and that were analyzed by the same laboratory which
analyzed the blank

Detected sample results less than or equal to five or ten times the
associated laboratory blank results were qualified as undetected (U).

After laboratory blank assessment tabular summaries were updated as
appropriate, according to the data validation reports. No detects
remained in the field blanks.

Upon review of the validation reports, errors were found relating to blank results and
associated sample result qualification as follows:

Data validation report WHC-SD-EN-TI-084 summary tables indicated
that naphthalene and 2-methylnaphthalene were undetected in sample
B05WV7 while laboratory data reported it detected. The accompanying
narrative did not include naphthalene or 2-methylnaphthalene as
contaminants detected in the blank evaluation.

G-1
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Table G-1. Organic Laboratory Blank Evaluation Results

RGANIC COMPOUNDS DETECTED IN LABORATORY BLANKS AND THEIR EFFECT ON
SSOCIATED SAMPLE DATA

HIGHEST FIVE-TIMES or
ASSOCIATED TEN-TIMES
LABORATORY LABORATORY SAMPLES SAMPLE FINAL

COMPOUND DETECTED BLANK RESULT BLANK RESULT AFFECTED RESULTS RESULT

Pyrene 27 135 B05WV8 48J 48 JU
B05WV9 85 J 85 Ju

Acetone 26 260 B05WP5 7 J 7 JU
B05WV5 13 13 U

Chloroform 1 5 B05WP7 2 J 2 UJ
B05Wp6 2 J 2 UJ

ethylene chloride 8 80 B05WP5 3 J 3 JU
B05WW7 3J 3JU
B05WP7 7 7 U
B05WP6 10 10 U
B05WV5 11 11 U

Di-n-butylphthalate 100 1000 B05WP7 6 J 6 JU
B05WW4 46J 46JU
B05WW5 48 J 48 JU
B05WV9 50 J 50 JU
B05WV6 59 J 59 JU
B05WV8 68 J 68 JU
B05WV4 330 J 330 JU

-nitrosodiphenylamine 46 230 B05WV8 59 J 59 JU
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Table G-2 Organic Field Blank Evaluation Results

HIGHEST FIVE-TIMES or
ASSOCIATED TEN-TIMES SAMPLES SAMPLE FINAL

COMPOUND FIELD BLANK FIELD BLANK AFFECTED RESULT RESULT
DETECTED RESULT RESULT

Toluene 2 20 B05WV8 1 J 1 JU
B05WV9 2 J 2JU
B05WV3 3 J 3JU
B05WV6 4J 4JU
B05WP5 7 7 U
B05WV5 14 14 U
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Table G-3. Inorganic Field Blank Evaluation Results

COMPOUND HIGHEST FIVE-TIMES SAMPLES SAMPLE FINAL
DETECTED ASSOCIATED CONVERTED AFFECTED RESULT RESULT

FIELD BLANK BLANK mg/Kg mg(Kg
RESULT RESULT
ug/L mg/Kg

Aluminum 45.7 45.7 NONE - -

Beryllium 1.0 1 B05WV7 0.46 0.46 U
B05WV5 0.77 0.77 U
B05WP5 0.52 032 U
B05WT8 0.37 0.37 U
B05WN9 0.25 0.25 U
B05WP0 0.26 0.26 U

Calaum 321 321 NONE - -

Cadmium 1.4 1.4 NONE - -

Copper 5.1 5.1 NONE - -

Sodium 705 705 B05WV5 179 179 U
B05WV8 205 205 U
BOSWV6 207 207 U
B05WV9 249 249 U
B05WW0 399 399 U
B05WW4 480 480 U
B05WW7 193 193 U
B05WW6 229 229 U
B05WW5 277 277 U
B05WP5 277 277 U
B05WP1 403 403 U
B05WT8 182 182 U
B05WV2 233 233 U
B05WV3 283 283 U
B05WT9 291 291 U
B05WV4 405 405 U
BO5WPO 271 271 U

Lead 3.0 3.0 B05WW4 2.5 J 2.5 JU
BO5WWO 18 J 2.8 JU
B05WW5 2.9J 2.9JU
B05WP1 2.1 J 2.1 JU
B05WV4 2.4 2.4 U

Vanadium 2.5 25 NONE - -
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Table G-4. Radiochemistry Field Blank Evaluation Results.

Analyte Detected Highest Five-Times Samples Sample Final Result
associated Field Affected Result pCl/g

Field Blank pCi/g
Blank Result
Result pCVg
pCi/L

Uranium-233/2.94 0.54 .0027 NONE - -

Uranium-238 0.56 0.0028 NONE - -

Carbon-14 540 2.7 B05WV7 0.25 0.25 U
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